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The problem 


set by 
CLYDESDALE STAMPING CO. LTD. 


To heat-treat drop forging die blocks, 

inserts and punches by a method which 

will avoid cracking, decarburisation and 
scaling during treatment, minimise distortion, 
reduce labour cost by working on annealed 


blocks, and give increase in die life. 


Dies weighing 2} to 13 cwts. are preheated 
in the gas purged chamber of the 30° x 36 
‘Cassel’ salt bath furnace, transferred to 
‘Cassel’ W.S. 720 and Regenerator A in the 
salt bath, then quenched in T.S. 150 in a 
‘Cassel’ 66° x 30° x 42° T.1 furnace, and 
finally air-cooled and washed. This treatment 
ensures freedom from scaling, decarburisation 
and noticeable distortion. Die life is increased 
7§-100°,,. Isothermal annealing of worn 


die blocks is also carried out in this plant. 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Price 2/6 


* LONDON, S.W 


1 
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cut costs with... 


Massey forging presses can be used for three Massey designs include: 
distinct purposes—die forging, extrusion and 


Steam and Compressed Air Hammers, 
coining. They are simple to operate, enabling 


Pneumatic Power Hammers. 


unskilled labour to be employed: and, practically, Friction Drop Hammers. 
output is limited only by the material handling Double-acting Steam and 
facilities provided. High Speed Presses are Compressed Air Drop Hammers, 
available in sizes from 300- to 3,000-ton and the Forring Presses, Trinuniag 
Low Speed Presses from 300- to 1,000-ton Presses, Tyre Fixing Rolls. 
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ASSEY FE? oPENSHAW - MANCHESTER - ENGLAND 











MAKERS OF THE WORLD’S GREATEST RANGE OF FORGING PLANT 
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They rely on 


RrIE 


Gas wm RFIEL at 
Blaw Knox Ltd. 





Wi d- Barfield * ‘P.7T.G.” Gas Carburising installation at Blaw Knox Ltd 


Precise control of depth and type of case is afforded by both Wild- 
Barfield gas carburising processes—the “P.T.G.” and “‘Carbodrip” drip 
feed. By these methods carburising proceeds at almost the maximum 
theoretical rate. We will be glad to send you full details on request. 


Batfu0 FOR ALL HEAT-TREATMENT PURPOSES 


FuRmACE 





WILD-BARFIELD ELECTRIC FURNACES LIMITED 
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Illustration shows one of our furnaces 
at Messrs. David Brown Industries 
Ltd., used to heat-treat fabrications 
for their famous Radicon gear boxes 





The rapid development of heavy fabrications to replace 
castings has led to the introduction of our Recirculation 
Furnaces for stress relieving and preheating. If required 
these furnaces can be supplied to cover the whole 


temperature range of 500 to |I00C. 


SEND FOR LEAFLET NO. 47 








Builders of 
INDUSTRIAL 
FURNACES 





MODERN FURNACES 








= and STOVES LIMITED 


BOOTH STREET, BIRMINGHAM 21, sone: SMEthwick 1591-2 grams: Mofustolim, B’ham 21 

















WILKINS & MITCHELL | 


ad 








HOT BRASS STAMPING PRESS 
FITTED WITH MULTI-CORE 
SUB PRESS. 


Wilkins & Mitchell Hot Brass Stamping 
Presses, 100 and 200 tons capacity, each 
fitted with a Multi-Core Sub Press installed 
in The Yorkshire Copper Works, Leeds. 





WILKINS & MITCHELL LTD 
DARLASTON SOUTH STAFFS . ENGLAND 
Export Section, 70 Park Lane, W.| 
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have you tempera 


investigation problems ? 


The Silit Tube Furnace Type ST.403 is a laborat 
A new Furnace with ——s 


Ne ie i Med SO” -rc Scores PrTrititirtrrtttir it ce 


gan asssussasdeacaieecedashetaneddeaeed 
Wdaaaaasiill! , 


rs ee ee 
Maximum Temperature 1500°C ne ° eget lesen Sees ES 
Effective Heating Length 12” sina — rumentation and control equipment 
Stemater of Working Tube 1.092” housed in the Furnace bench mounting stand. 





FOR FURTHER DETAILS, WRITE FOR LEAFLET 


~ 
=~. 
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Siemens-Schuckert — 
a ene 


FARADAY WORKS - GREAT WEST ROAD - BRENTFORD - MIDDX 
Tel: EALING 1171-6 Grams: Siemensdyn, Brentford, Hounslow 
BIRMINGHAM : Tel: Midiand 2082 MANCHESTER : Tel: Choriton 1467 CARDIFF 


Smee’s 5.84 NEWCASTLE : Te! : 28617 GLASGOW: Tel: Central 2635 SHEFFIELD : Tel : 61564 
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Tri-Mor Plastics 
and Gastables 
make installation 


Easier 
Quicker 
and Cheaper 


Bustle main of Queen Victoria Blast Furnace showing ‘gunned’ lining in Tri-Mor Dense ‘Gunecrete’. an 
Inside diameter of shell 5 feet. Thickness of ‘Guncrete’ lining 9 inches). Rs 
Photograph by courtesy of the Appleby-Frodingham Steel Co. ( Branch of the United Steel Companies Ltd.). > 

j 
A 
os 
TRI-MOR GRADES TRI-MOR High Temperature Mouldable oe 
A plastic refractory for use up to 1,650°C: low of, 
: 
TRI-MOR Srandard Castable shrinkage and a high resistance to spalling cs 
. - . » - Gi 
A medium texture refractory having negligible Supplied mixed to the correct consistency for et 
shrinkage up to 1,350°C. Suitable for casting installation + 
special shapes or for monolithic structures TRI-MOR Dense ‘Guncrete’ ie 
Limiting service temperature 1,350 C. A hydraulic setting refractory with a maximum A 
. . service temperature of 1,300 C. It has a high ted 
TRI-MOR High Strength Castable P 3 ~é ‘as 
A ' frac Tri-Mor Standard C bi resistance to abrasion. Designed for application by ay 
A similar refractory to Tri-Mor Standard Castable, cement gurf, but can be trowelled as 
but specially developed to have very high mech- at 
anical strength over the lower temperature range TRI-MOR Insulating Castable any 
Maximum service temperature 1,250 °C. An insulating castable for maximum service "Cee 
temperatures of 1,200°C; low thermal conductivity Kp 
TRI-MOR High Temperature Castable ie its main feature 5 
Suitable for face temperatures up to 1,600°C; has . “ a 
an extremely high resistance to thermal shock; TRI-MOR Insulating ““Guncrete 
used for cast in situ monolithic structures and for Similar to Tri-Mor Insulating Castable but for i 

pre-cast refractory shapes; can be applied with a application by cement gun 

cement gun. Full details of each grade are available on request za 
Gres 
% 





For further information write to 


NESTON, WIRRAL, CHESHIRE. TEL: NESTON 1406 


MORGAN REFRACTORIES 








LTD 
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Caliper type brake 
Our own design giving excellent 
performance under severest conditions 





Top and bottom ejectors 
air operated, adjustable to suit all requirements 
Operation of air ejectors 

can be limited to every second or third 


stroke as required 


Calibrated table adjustment 


ensures accurate die setting 


The Lamberton Press produces 
accurate forgings at high speed under 
rigorous production conditions 

and requires minimum maintenance 
for safe, reliable operation 


EUMUCO (England) Ltd 


26 FITZROY SQUARE, LONDON, W.!. TELEPHONE: EUSTON 465! 








Smee's 

















TYPE 995 
CONTINUOUSLY-ACTING 


PROPORTIONAL 


TEMPERATURE-CONTROLLER 
with manual reset 











* Long-term reliability « High accuracy 
* Precision control * Low maintenance 
« 7-in. indicating scale 


ENQUIRIES, SALES A SERVICE 
Tyburn Road, Erdington, 
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TEMPERATURE & PROCESS CONTROL 





ce 
OES FAMRE HE T 


This new ETHER TRANSITROL Type 995 
Controller operates in conjunction with 
a proportioning valve. It offers 
continuously-acting proportional control 
to very close accuracy, on gas or oil 
firing applications and maintains steam 
at a constant pressure under varying 
loads 


Proportional control is also available 
with the ETHER TRANSITROL Programme 
Temperature-Controller which indicates 
and controls temperature to a 
pre-determined time programme 
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BURDON 


The name to remember when 







you think of Furnaces. Half 
a century’s experience and 
“know-how” guarantees 
every installation. We make 
furnaces of every description 


including :- 
STRESS RELIEVING - HEAT TREATMENT - FORGING - HOT METAL RECEIVERS 


BURDON FURNACES LTD. 


37 LOCHBURN ROAD GLASGOW, N.W. 


Forge Ahead 


in quality of product 
by using Peart 
induction heating 












Peart Induction heaters cut 
costs all along the production line 
They provide the exact amount of heat 
precisely where it is required . . . eliminate 
scale formation, increase die life, are easily 
adaptable reduce power and labour costs to the 
minimum. Peart engineers welcome unusual heat treat- 
ment problems. Why not set them to work on yours? 





INDUCTION HEATING 


E. PEART & CO. (ELECTRONICS) LTD., ONWARD WORKS, HYDE, CHESHIRE Telephone: 3545 (4 lines) 
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LIGHT WEIGHT 


FINE FINISH 


HIGH PRODUCTION 


= 


== ' ~ eae tan 
COLD-ROLL FORMING 

a an 

gives you all of these advantages. ; x ” 


a_i bathe 2 a — 


le tower Cost - 


In busy metal working plants, vigilant production 
men are constantly on the lookout for places where, 
due to increased demand for their products, the time 
is ripe for a change of methods. They know that in 
the shapiug of metal into finished products or 
components, cold rol! forming has many important 
quality and cost advantages. 

In some instances it becomes possible, by redesign of 
the product, to adopt cold roll forming. In others, 
the mere need for higher production makes the change 
profitable. 

If cold roll forming is new to your business we can 
offer expert advice 


Keep production moving 

Output from existing cold roll forming equipment 
can be considerably increased by the application of 
a Yoder Flying Cut-off Shear, automatically die- 
cutting formed sections on-the-run. 


ee LiMITE D 


FACTORED MACHINE TOOL DIVISION ~ FLETCHAMSTEAD HIGHWAY + COVENTRY 
Telephone : Coventry 74321 
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IIlustrated is a highly success- 
ful batch-type Forge or 
General - purpose Smithy 
Furnace. Fitted with Self- 
proportioning Burner Equip- 
ment having single lever 
control of both air and fuel 
supplies, for either Gas or 
Oil Firing 

& 
Built to dimensions best 
suited to meet purchaser's 
individual requirements with 
single door as illustrated, with 
multi- doors, or double- 
ended. 

e 
Highest grade lining and 
hearth construction with 
correctly applied burner 
equipment ensures lowest 
possible operating and main- 
tenance costs. 


Telephone: MANCHESTER EAST 0/37 
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MANCHESTER 





FURNACES LTD. 


GLOBE WORKS - MANCHESTER - 
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150 Brosius Manipulators now in use 


throughout the world carry out all 


necessary during 


forging, saving manpower and me 


Manipulator will 
to 2,000 Ib. in 


A wide range of designs are 


maximum being 


s up to 20,000 Ib 


CALCUTT 


Pa 
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DO YOU WANT TO... 


.. Carburise or carbonitride gear wheels? .. . vitreous-enamel cooker parts? 
bright-anneal ferrous or non-ferrous metals? ... harden high speed steels? 
heat billets for extrusion? malleablise cast iron? 
braze components in vacuum? normalise metal strip? 


WHATEVER YOUR ANSWER... 


G ply equipme 






for efficient process heating use Sa OM Ge 


FURNACES - HIGH FREQUENCY - INFRA-RED 





THE GENERAL ELECTRIC COMPANY LIMITED MAGNET HOUSE KINGSWAY - LONDON ~ WC2 
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cooling 


for cycle 





makes this 

cycle annealer one of the most versatile 
heat treat units in the country. It anneals, sR 
cycle anneals, and normalizes gear forgings i cevegpneensanenat 
of different size, shape, and alloy at the net ROCK WEL “Be oe 
rate of 1,250 Ibs. per hour, or better. = } 

Such exceptional versatility is achieved 
by a superfast cooling zone. Really a full £\ 3 
convection furnace within a direct-fired —4 = 
furnace, this zone is isolated by refractory c 
doors. It can be used or by-passed, 
depending on which of many cycles the 
customer wants. As a result, the customer 
can heat treat as many as 13 different alloys 
in this one furnace. ! 

Adding to the flexibility of the furnace is 
a modular tray design. Each module is an 
18 » 20-inch chrome alloy casting. Modules 
can be combined to hold any size of work 
up to 800 pounds. They are also used to carry work outside the furnace. 


serte 


— oy 


“DIA 


235 
3§2 DIA 
4% DIA 
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ASSOCIATED WITH SURFACE COMBUSTION CORP, TOLEDO, USA 
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an everyday occurrence 


Every day this plant, the first continuous tinplate 
annealing line in Europe, cleans and anneals 360 tons of strip. 
It is not every day that INCANDESCENT build a plant like this, but 
the same skill and ability which produced it is at 


your disposal for all heating problems. 


III ALY Ae i 





THE INCANDESCENT HEAT CO.LTD SMETHWICK ENGLAND 
12/68/59 
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Quality Production 


Behind the up-to-date methods of manufacture 
by which Gibbons Refractories are made, 
lie a hundred years of experience and 

research at the Gibbons works, in the 
development of furnace linings of 


the highest heat-resisting qualities. 


ENON 


SUPERIOR REFRACTORIES 


H.T.1 - ALUMINOUS . SILICA - FIREBRICK 
SILLIMANITE 








Gibbons (Dudley) Ltd., Dibdale Works, Dudley, Worcs. 
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CONTENTS 


This journal is devoted to metals—ferrous and non-ferrous—their 
manufacture, properties, heat treatment, manipulation, testing and 
protection, with research work and development in all these fields 


Trade cycles and research associations 


A new precipitation-hardening stainless steel 
A. C. GILBRAITH 


Supersonic flight has led to the development of special steels to meet the 
requirements of the thermal barrier. The use of relatively heavy 
materials in aircraft has been made possible by the development of 
processes for rolling steel to very fine gauges and forming the resulting 
strip into honeycomb structure. An account is given of the properties 
and heat treatment of the most recent steel developed for aircraft honey- 
combs—PH 15-7 Mo stainless steel 


Electron metallography: Some modern techniques 


The first of a short series on electron microscopy, which will discuss 
the application of electron microscopy to specific problems 


Germanium 


The economic and practical importance of a number of elements which 
were discovered in the 19th century was only recognized after many 
decades. What was once regarded as rare has subsequently in many 
cases preved to be abundant. One of these elements is germanium 


Forgeability of steels: A critical survey of the literature: 
Part 2. G. P. CONTRACTOR and W. A. MORGAN 


An attempt is made to describe the effect of alloying elements on the 
hot-workability aspect of the fabrication of steels, and to indicate how 
changes in the forgeability characteristics nay be predicted by 
laboratory tests. The different types of tests used and their limitations 
are discussed, and work which may be done to extend the use of these 
laboratory tests and to obtain more consistent and reliable results is 
outlined 


Aluminium structures for atomic energy 


The use of computers in design 


Indentation hardness 

G.E.C. activities in 1958 

News 125 People 

New plant 130 Institute of Metals 
Books 133 Company news 
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For Temperature Measurement and Control 


the (>KH>) INDICATING CONTROLLER MARK 4 


This advanced Indicating Controller incorporates extremely accurate measur- 

ing and control sections in a single compact case. It utilises a photo transistor 

and a moving coil micro-ammeter thus dispensing with the need for thermionic 
ilves. Requiring less than 46 sq. in. of panel space, the unit has a calibrated 

indicating scale 8 in. long 

A complete range of instruments ts available, which meets requirements over a 

wide field of process control applications, including models with 2-Position, 


Proportional and 3-Position action. A programme feature can be incorporated 


No Thermionic Valves 
Automatic Safety features for Plant Protection 
Control Sensitivity: better than 0.1°,, of F.S.D. 
* Calibrated Accuracy: within 1°, of F.S.D. 
* Overall accuracy in accordance with B.S. 1041/1943 
* Plug-in unit with automatic location 
Panel space required: only 10) in. x 4} in. 


* Competitively priced 


KELVIN HUGHES PYROMETRY INSTRUMENTS 


Single and Mu tipoint Temper iture Indicator 


Portable Pyrometers and Multiline Recorders 


KELVIN HUGHES SPECIALISTS IN INDUSTRIAL MEASUREMENT 


HES (INDUSTRIA TD AELVIN : WEMBLEY PARK, WEME MIDDLESEX 60-72 KELVIN AVENUE, HILLINGTON, GLASGOW, SW2 
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Trade cycles and research associations 


HE intermittent alternations between expansion and contraction in the volume of 

overall trade are well known to economists and are sometimes known as manifesta- 

tions of the ‘ trade cycle.’ Whatever their cause, and whether they are beneficial 
or otherwise, one thing is certain: they are part and parcel of a free economy, and, therefore, 
if we are to continue enjoying the benefits of a free economy they are something we have 
got to learn to live with. 


Now, living with the trade cycle when it is on the upturn is fairly easy. Whatever the 
manufacturer produc:s he may be reasonably certain of selling quickly and at a reasonable 
profit: his main probiems are those of securing an adequate share of available raw materials 
and labour, both of which are being sought equally ardently by his competitors. When 
the cycle is on the downturn, on the other hand, the situation is reversed; labour and 
materials are readily come by but the manufacturer is now constantly faced with the 
disagreeable prospect that he may find himself unable to sell his wares either sufficiently 
quickly or at a price sufficiently high to ensure that enough money flows back into the 
business to keep it solvent. 


The existence of the trade cycle and the now obvious fact that Britain as a whole is 
experiencing one of the ‘ downturns ’ raises the interesting question of the proper functions 
of a trade association. Again, in a period of expanding trade, the most essential job of a 
trade association is easy to define—it is to ensure that available supplies of labour and 
materials are shared out as equitably as possible so that large members of the organization 
do not ‘ cannibalize ’ the smaller fry. This can be done by agreeing to a common scale 
of wages, and conditions, after which all members, big and small alike, are free to 
sell their goods to the highest bidder, the general price level attained being governed by 
the classic, self-regulating, system of supply and demand. Of course, in point of fact 
trade associations do a great deal more, but this is probably their most important function 
in a ‘ seller’s market.’ 


But after a greater or lesser period of time a seller’s market has a way of reverting to 
something of a buyer’s market, and under these conditions a trade association may find 
itself in something of a dilemma. When trade declines, any business organization may do 
one of two things: either maintain its selling prices at a level which will carry it through 
the bad patch at a reasonable level of activity; or lower selling prices to a level which will 
keep the volume of sales reasonably high, offsetting the reduced income by a determined 
effort to reduce internal costs and improve efficiency. Exactly the same choice faces a 
trade association to fix minimum prices at a level which will keep the majority of members 
reasonably active, or allow prices to find their own ‘ economic ’ level and offset any losses 
involved by increasing members’ efficiency. The first of these is no doubt the easier and 
probably brings returns a good deal quicker, but essentially it is only a short-term 
palliative. The second alternative is the harder choice, harder to carry out and slower 
to pay dividends, but its ultimate effect is so much more beneficial in the long run that 
there can be no doubt about which alternative is the right course to pursue. 


Bearing in mind the present state of trade in this country the interest shown by the 
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National Association of Drop Forgers and Stampers in the possibility of setting up their 
own research association, a proposal which was put forward at the annual general meeting 
on February 24, is therefore most praiseworthy. We most sincerely hope that the idea 
will be followed up actively and that in due course a drop-forging research association will 
indeed make its appearance. There can be no better way of enabling the members of the 
association to improve their efficiency and the competitive position of drop forgings as 
engineering components. For let there be no mistake about it, drop forging has to 
compete very seriously with techniques such as powder metallurgy and die casting, and 
it is to be noted that the 1959 series of NAD FS Spring lectures is going to be precisely 
on the subject of alternative processes 


A new drop forgers’ research association, dating its inception from the present year, 
would certainly be among the youngest if not the youngest of such co-operative research 
organizations in this country. As such it would be in a position to benefit both by the 
experiences of its ‘ elder brothers,’ and, no less important we suggest, by their mistakes. 
For in our view mistakes have been made, not perhaps of disastrous proportions but 
serious enough to warrant their being scrupulously avoided in the future. 


The commonest of these mistakes stems, we consider, primarily from a failure to be 
absolutely clear right from the start exactly what the co-operative research organization is 
supposed to do. That this state of affairs is commoner than might be supposed was 
revealed by the book ‘ Industry and Technical Progress ’ by Professors C. F. Carter and 
B. R. Williams which was reviewed in these editorial columns in June, 1957. Examining 
individual firms rather than co-operative research associations, Carter and Williams found 
that in every case the most valuable scientists in industry were those employed as integral 
parts of their firms, but there were as well a large number who were simply kept on as 
‘ optional extras,’ regarded as the authors expressed it—‘ as golden geese who might one 
day lay some golden eggs.’ In other words many firms had taken on scientist graduates 
and installed them in excellently equipped laboratories with no very clear idea in mind 
except that it might be a good idea to have them. 


A co-operative research association stands in relation to its employing industry in a not 
dissimilar position. It can be absolutely invaluable, saving the industry its cost over and 
over again not only in tangible results but in intangible ‘ accidents that didn’t happen ’ 
and ‘ difficulties that didn’t crop up.’ But to do this with the maximum of efficiency it 
must be and feel itself a part of the industry it serves. What must not be allowed to appear 
is that feeling of dichotomy— we fellows on the shop floor, those long-haired scientists in 
the research laboratory ! ’"—which is fatal to efficient co-operative research and develop- 
ment. This may mean rubbing a few awkward corners off both scientists and shop-floor 
managers, but they'll both be all the better for it in the end. 


A co-operative research association does not necessarily have to possess either a large 
graduate staff or extensive laboratories. The Swedish organization Jernkontoret main- 
tains a research and development section staffed by no more than ten graduate engineers, 
but the Swedish steel industry in technical efficiency is second to none in the world. 
We suggest that the technical committee of NA DFS could do a lot worse than pay a 
visit to Stockholm ! 





90 march, 1959 


metal treatment 
and Drop Forging 


march, 1959 91 


A new precipitation- 
hardening stainless 


steel 





ALLEN C. GILBRAITH 


1 Typical honeycomb structure of PH 15-7 Mo 


Supersonic flight subjects aircraft and missiles to very high temperatures and stresses 
and has led to the development of special steels to meet the requirements of the 
thermal barrier. The use of relatively heavy materials in aircraft has been made 
possible by the development of processes for rolling steel to very fine gauges and 
forming the resulting strip into honeycomb structure. The honeycomb structure 
which provides high strength-to-weight ratio is composed of zigzag strips of very 
fine gauge stainless steel joined at their nodal points to form a cellular structure 
and faced with rather heavier gauge steel. The following article is an account of 
the properties and heat treatment of the most recent steel developed for aircraft 


honeycombs—PH 15-7 Mo stainless steel 


THE NEW STAINLESS STEEL—PH 15-7 Mo—is an 
off-shoot of the chromium-nickel steels. The 
chromium-nickel steels cannot be hardened by 
heat treatment and yet, without such hardening, 
they would be unsatisfactory in light of the strength 
demands made by the aeronautical and missile 
engineer. To meet these demands PH 15-7 Mo 
was developed. Although related to the 300 series, 
it, together with 17-7 PH and 17-4 PH, comprises 
a new class of precipitation-hardening alloys.' 
Some of the other advantages of the new alloy 
are: high modulus of elasticity, excellent fatigue 
properties, and high-tensile properties. Its cor- 
rosion-resistance in Conditions TH 1050 and RH 
950 (described below) is superior to the stainless 
steels of the 400 series. In Condition CH 900, its 
corrosion resistance is comparable to Type 302. 


PH 15-7 Mo stainless steel is obtainable from 
the producer in two conditions: Conditions A— 
the annealed condition; or Condition C—the cold- 
rolled condition. The fabricator can heat-treat 
either condition. 


Condition A—annealed 


This condition is obtained at the mill by an 
anneal at 1,950+25°F. (1,065+.14°C.) and then 
air-cooling. The annealing creates maximum soft- 
ness and ductility. It is apparent, therefore, why 
Condition A is preferred for severe forming opera- 
tions; its ductility and softness is most advan- 
tageous when stretch forming or deep drawing is 
specified. Like AISI Type 301, PH 15-7 Mo 
Condition A has a high work-hardening rate. In 
drawing deep-drawn parts or forming intricate 
shapes, re-annealing by the fabricator is sometimes 
necessary before heat-treating to Condition TH 
1050. No anneal, however, is necessary for 
Condition RH 950. 


If parts to be heat-treated or annealed have any 
lubricants, dirt or grease on the surface, they should 
always be cleaned before placing in a furnace. 
Carbon-containing materials, if not removed, will 
tend to carburize the surface. Cleaning may be 
done with soap and water, a mild household 
abrasive, or solvents. If only grease and oil are 
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Forging 


present, vapour degreasers are satisfactory. A 
combination of vapour degreasers followed by 
mechanical scrubbing with a mild abrasive has 
been found to give a clean surface. A good cleaning 
job is evidenced by a light-tightly adherent, 
uniform-appearing oxide after annealing or austenite 
conditioning treatment. 

The anneal is usually carried out in air at 
1,950°F. (1,065°C.). This need not be a serious 
drawback to production schedule, since the time 
of anneal is extremely short. Use this 


thumb: soak the part at the temperature of the 
anneal three minutes for every 0-1 in. of thickness. 
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When the metal is ultra-thin, such as the foil used 
in honeycomb structures, bright annealing in dry 
atmospheres such as hydrogen, argon, or helium 
gas is generally used. On the thin foil, the metal 
need only be brought to temperature to accomplish 
the annealing. 

Scale will develop during the annealing operation 
except when conducted in bright atmospheres. 
The amount and nature of the scale can depend 
upon the temperature, furnace atmosphere, and 
cleanliness of the parts. The oxide formed on clean 
parts can be removed by the following procedure— 
dip the parts in a bath containing 10°,, nitric and 
2°,, hydrofluoric acid (°;, by weight) at 110 to 140°F. 
43 to 60 C.) for two to three minutes, followed by 
a hot-water, high-pressure-water, or steam scrub. 

Air cooling or water quenching from the annealing 
temperature is recommended. In_light-gauge 
sections some distortions may occur with the water 
quench. Cooling with slowdown rate will pre- 
cipitate carbides and not obtain maximum softness 
in the metal. 

In Condition A, PH 15-7 Mo exhibits typical 
strength values of: tensile strength—130,000 
lb. sq. in.; 0.2°,, yield strength—55,000 Ib./sq. in. 


Heat-treatment procedures for Condition A 


The heat treatment of Condition A is a two-step 
process. The metal is first heated to 1,400+-25°F. 
760.- 14°C.) for one hour and a half. It is then 
air-cooled uniformly to 60+-10°F. (15-+4-6°C.) and 
held for 80 minutes. The stage into which Con- 
dition A is transformed by this treatment is known 
as Condition T. In Condition T, the tensile 
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strength of the alloy is raised from 130,000 to 
145,000 Ib./sq. in., and the yield strength from 
55,000 to 95,000 Ib./sq. in. 

With the part to be fabricated in Condition T, 
the fabricator can now harden within a fairly wide 
range of temperatures—anywhere, in fact, between 














Tasie I Typical properties of PH 15-7 Mo stainless steel 
in annealed condition 
Tensile Yield 
Condition strength strength 
Ib. /sq.in. Ib./sq.in. 
Annealed at 1,950 
A 25°F. (1,065 130,000 55,000 
14°C.), air cooled 
After heating steel 
in Condition A to 
sy 1,400 + 25°F. (760 145,000 95,000 
14°C.) for 1¢h 
and air cooling to 
60 10°F. (15 
6°C.) for 80 min 
After precipitation 
TH 1050 | hardening steel in 210,000 200,000 
Condition T at 
1,050° F 565 C 
After sub-zero 
RH 950 | hardening steel in 240,000 215,000 


_Condition A 


950 to 1,100°F. (510 to 593 C.). 
is the actual precipitation hardening. 


The second step 
When 


material is hardened in this manner, it is designated 
as Condition TH XXX, where the XXX stands 
for the temperature of the precipitation hardening 
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treatment. For example, suppose that Condition T 
is heat-treated to 1,050°F. (565°C.); it is then 
hardened to Condition TH 1050. In like manner, 
Condition T material is hardened to Condition 
TH 1100 when the treatment takes place at 1,100°F. 

Condition TH 1050 shows a typical tensile 
strength of 210,000 Ib./sq.in. and yield strength of 
200,000 Ib.'sq. in. These strengths, it must be 
noted, are somewhat lower than those at TH 950 
(both tensile and yield are about 15,000 Ib./sq. in. 
less). This slight debility is compensated for by 
increased resistance to heat and corrosion, as well 
as considerable gain in ductility. By adjusting the 











TABLE II Typical properties of PH 15-7 Mo statniless 
steel in cold-rolled condition 
Tensile Yield 
Condition strength strength 
Ib. sq.in Ib. sq.in 
Cc After cold rolling 220,000 190,000 
After heating steel 
in Condition C to 
CH 900 900+ 10 F. (482 265,000 260,000 
6 C.) for 1 h. in 
air 


hardening temperature of the second stage, the 
optimum properties for a given requirement can 
be met. 


Condition C—cold rolled 

Condition C is a stronger variant of PH 15-7 Mo. 
It possesses a typical tensile strength as it comes 
from the mill of 220,000 Ib./sq. in., and a typical 


4 Testing the leading edge of 
an assembly for a supersonic jet 
aircraft for positive bond 

of the PH 15-7 Mo honeycomb 
structure. Rolling the bronze 
gear on the surface of the 
material produces a whirring 
sound which, tf broken, indicates 


a void 
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yield strength of 190,000 Ib./sq. in. Being nearly 
cold-reduced, however, it is highly elastic and 
therefore unsuitable for forming difficult parts from 
flat-rolled sheet or strip (Table IT). 

Condition C can be further heat-treated to 
provide even greater strength. This is achieved by 
heating the metal to 900+-10°F. (482+-6°C.) for 
one hour in an air atmosphere. In this heat 
treatment it is important to note the close tem- 
perature tolerance. The material which emerges 
after treating Condition C in this manner is known 
as Condition CH 900. It is the strongest variant of 
PH 15-7 Mo. Typical 0-2°%, yield strength for 
Condition CH 900 is 260,000 Ib./sq. in.; typical 
tensile, 265,000 Ib./sq. in. In thin-gauge strip, 
tensiles frequently reach 300,000 Ib./sq. in. 


Sub-zero hardening 

Recently publicized is a new heat treatment, 
known as the deep-freeze method, which involves 
cooling to -100°F. With this method, starting 
with Condition A, typical tensile strengths of 
240,000 Ib./sq. in. and yield strengths of 215,000 
Ib. /sq. in. can be obtained. 

The material is first treated at 1,750+15°F 
955+ 8°C.) for 10 minutes. It is then air-cooled. 
It is now in Condition A 1750 and is then cooled 
to -100°F. (-73°C.) and held at that temperature 
for 8 h., which condition is designed as Condition 
R 100 (refrigerated at -100°F.). 

The third and final step in the process occurs 
when the alloy is heated to 950+ 10 F. (510 +6 C. 
for one hour and then air-cooled. The resulting 
condition is RH 950 (refrigerated and hardened at 
950°F.). 


Reference 


1) METAL TREATMENT, October, 1957, 395 
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High-speed stamping press 


AN ‘AUTOFEED’ PRESS of novel conception for high- 
speed stamping in the 100 ton range has recently 
been developed by the Danly Machine Specialties, 
Inc., U.S.A. The new press. has a number of 
features expected to result in increased operator 
safety and direct savings in operating costs. 

The main shaft of the press is of the crankshaft 
type, and is single geared. Removal of the shaft 
can be made through the end after dropping the 
slide. An automatic flywheel brake is solenoid 
operated, eliminating the need for a hand valve. 


The press has a variable stroking rate of 60 to 
120 strokes/min., with a more rigid bed, extra 
heavy slide, stronger slide connections, and extra 
heavy tie rods and crankshaft. To facilitate pro- 
duction control, both a tachometer, indicating 
strokes per minute, and a production meter, count- 
ing strokes, are mounted on the press. Automatic 
circulating oil pressure lubrication services the 
entire press including gibs, cushion, scrap cutter, 
air counterbalance cylinders and feeding devices. 
Double micronic filtration assures cleaner oil, 
longer lubricant life and less frequent oil change. 

Easily accessible power take-off adjustments at 
floor level serve the antiback-up rolls, double roll 
feed and scrap cutter. Air pressure control mani- 
folds for control of clutch, self-contained counter- 
balance cylinder and roll lift on roll feed is enclosed 
in a box at the rear of the upright. 


The integral control system includes many 
features contributing to safety of both operator and 
press. Circuits are anti-repeat ‘fail-safe’ design. 
The main motor cannot be started until oil pump 
motor is started and oil pressure reaches operating 
range, nor can the main motor be reversed while 
the flywheel is rotating. 


‘Autofeed’ press. 

An otw-pressure safety switch 

will stop the press if oil pressures 
fall below safe operating 

level in any vttal oil line—and 
indicate the faulty line. 

The coil cradle and straightening 
machine accommodates 

a 48-in. dia. coil with 12-in. stock 
up to 0-125 in. thick 
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Electron metallography 


Some modern techniques 


This article, which is the first of a short series on electron microscopy, is an abridged 
version of a review by R. I. Garrod and J. F. Nankwell, of the Australian Defence 
Scientific Service (Aeronautical Research Laboratories, Department of Supply, 
Melbourne, Australia). The full text was published in the Journal of the Australian 
Institute of Metals, August, 1958. In future issues of METAL TREATMENT, articles 
discussing the application of electron microscopy to specific problems will appear 


APPROXIMATELY 25 YEARS have elapsed since it 
was first demonstrated experimentally that electrons 
could be used to form enlarged images of the 
surfaces of solids. During this time, progress in 
instrumentation and techniques in electron micro- 
scopy has resulted in an extension of the useful 
magnification from about 50 in 1932-34 up to 
1,000,000 and more at the present time. It is 
only, however, within the last few years that 
spectacular success has been achieved in the 
applications to metals. 

Until recently, replicas in combination with 
transmission electron microscopes offered the best 
means in electron microscopy for extending 
metallography beyond the limits imposed by 
optical techniques. In consequence, considerable 
effort has been expended in developing and improv- 
ing replica techniques and in accumulating ex- 
perience of those factors in which critical attention 
to detail is of paramount importance. 

It is still true that replica methods form the 
backbone of electron metallography, but they no 
longer hold a unique position. Renewed attention 
has been given over the last few years to alternative 
methods of direct observation and substantial 
advances have been made. 

In such a rapidly expanding field, it is desirable 
to pause periodically to take stock of past progress 
and to align efforts for the future. The present 
position in electron microscopy is indicated schema- 
tically in fig. 1. The heavy lines indicate optimum 
perfermance limits to date, whilst the dotted 
portions are intended as a guide only for likely 
developments in the reasonably near future. 
Thus modern transmission microscopes have 
achieved so far a resolving power of about 6 A! 
and offer reasonable prospects for extending the 
limit to 2-3 A or perhaps less.*»* Direct resolution 


of metal lattices would then be possible, subject 
to sufficient contrast and the satisfaction of other 
stringent experimental requirements such as stability 
and cleanliness of the specimen in the electron 
beam. At present replicas which, due to self- 
structure and other factors, have resolutions 
ranging ~20-400 A (dependent upon the tech- 
nique) do not allow full advantage to be taken of 
the best transmission microscopes. 

Among other microscopes, the field-emission 
type has shown the highest resolution, but is of 
very limited application. Recent improvements in 
reflection and scanning instruments have extended 
considerably their range of application. 

Finally, for purposes of comparison, the diagram 
also indicates the present resolution limits of 
optical and X-ray microscopes. 


Replicas 

Since for transmission microscopy the thickness 
of the specimen must not exceed ~1,000 A and is 
preferably much less, most electron-metallographic 
investigations have utilized a replica technique in 
which the fine-scale surface features of the metal 
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2 Principal types of replicas and corresponding relative 
electron intensities in the images: (a) represents a hypothetica 
replica of sufficient thickness to obtain a plane upper surfa 
Interpretation of the image would be simple, but in pra 
contrast would generally be poor due to excessive thick 


are imprinted on a thin film of a suitable material 
Ideally, a replica should satisfy the following 
requirements. 
1) Fidelity—the surface topography of the 
specimen must be faithfully reproduced and 
maintained in the replica. 


ii) Interpretation—the variations in thickness of 


the replica should be such that changes of electron 
intensity in the image can be readily correlated 
with the contour of the original surface. This 
implies that the top surface of the replica should 
be of a known form (fig. 2 

(iii) Resolution—the self-structure of the re- 
plicating material must be smaller than the required 
resolution. 

(iv) Contrast—there must be sufficient dif- 
ferences in the electron scattering to render visible 
fine detail at, or near to, the limit of resolution. 

(v) Stability—geometrical or chemical changes 
must not occur under electron irradiation. 

In addition, the whole process of replication 
should be simple, reliable and reasonably rapid; 
it should enable features of interest to be precisely 
selected and examined, and finally it should not 
destroy the surface of the specimen. 


Types of replica 

No existing method meets all the demands 
listed above and, in general, it is necessary to 
choose the technique most suitable for a particular 
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investigation. Since the many methods available 
are all essentially variants of a few basic procedures, 
they are grouped below into five main classes. 

Single-step plastic replicas (fig. 2b) were among 
the earliest types of replicas used and are still em- 
ployed, particularly when shadowcast, although to a 
decreasing extent. The prepared surface of the 
specimen is flooded with a solution of formvar or 
nitrocellulose in a suitable solvent, drained and 
allowed to dry in a moisture-free atmosphere.* 
Improved results are obtained if precautions are 
taken to control the film thickness. The replica 
is stripped from the specimen, either by teasing 
off in water, generally with the aid of a backing 
film, or by a dry-stripping process.* In the latter 
case, thicker replicas are necessary to avoid artefacts 
due to strain during detachment. Shadowcasting, 
if desired, is then carried out and the backing film 
is removed 

lhe method is relatively simple and rapid and 
does not destroy the specimen surface. Shadow- 
casting is particularly advantageous for plastic 
replicas since it considerably improves contrast 
and effective resolution’ and aids interpretation. 

Two-step replicas (fig. 2c). These methods 
involve a relatively thick intermediate mould of 
the surface from which the final replica is prepared. 
[he primary impression, which may be made in 
various ways (e.g. drying from solution, pressure 
moulding* or polymerization® of a plastic, or 
evaporation’), is stripped from the surface, 
shadowed if desired, and coated normally or 
bi-directionally with a thin evaporated film of 
inorganic material such as SiO,, SiO, Ge, Cr, 
Au-Mn or carbon. After mounting on a support 
grid, the intermediate replica is dissolved away. 

Although more complex than single-step plastic 
methods, this type of process permits non-destruc- 
tive replication of the more difficult surfaces, 
since the intermediate film can be made thick 
enough to avoid stripping artefacts. Furthermore, 
if a suitable meterial is used for the final replica, 
the effective resolution is improved due to an 
increase in contrast and reduction or absence of 
self-structure. Combinations such as formvar- 
carbon and methyl methacrylate-carbon produce 
replicas which, when shadowed, have a resolution 
~50 A, give excellent contrast and stability in the 
electron beam and are very suitable for stereoscopy. 
Interpretation, however, is not always straight- 
forward. 

Evaporation replicas. In some cases evaporated 
replicas of silicon oxide and carbon may be pre- 
pared without the use of an intermediate stage 
Stripping is accomplished with the aid of a backing 
film or by electropolishing or etching the specimen 
surface." These replicas give the best results yet 
achieved (particularly if the specimen is pre- 
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shadowed before replication), since any structure 
artefacts or loss of resolution due to an intermediate 
film are avoided. Recently, resolutions of 20-30 A 
have been reported for this type of replica.’*. “ 


Oxide replicas (fig. 2d). Oxide films of controlled 
thickness, which can be formed anodically on 
aluminium and many of its alloys'* and thermally 
on some stainless steels and high-nickel alloys,’ 
may be used as replicas after removal from the 
parent metal by chemical or electrolytic attack.” 
The technique thus entails at least destruction of 
the surface and often total loss of the specimen. 
A variation of the method, also applicable to other 
metals, consists of preparing an impression of the 
specimen in an aluminium film which is then 
stripped and anodized.'”: !’ 

Although largely superseded by techniques out- 
lined above, replicas made using aluminium oxide 
remain the most useful kind for studying pre- 
cipitation processes in aluminium-base alloys. 


Extraction replicas. If, in polyphase alloys, the 
matrix can be etched or dissolved away, minor 
constituents such as precipitates can be removed in 
a supporting film.'*:'* By the combined use of 
electron microscopy and diffraction, these ‘ extrac- 
tion replicas’ thus allow not only the distribution, 
but also the morphology and structure of extracted 
constituents to be determined. Owing to the 
much greater electron scattering by the extracted 
material, the contrast in these replicas is extremely 
good, but they have found little application so far 
apart from steels.*’.* due to the difficulty of 
finding suitable selective etchants for other 
materials. 


Resolution and contrast 


The resolution and range of contrast in a micro- 
graph from a replica are interdependent and con- 
trolled by several factors, some of which are 
mutually conflicting. For the majority of applica- 
tions a compromise is generally made, but in cases 
where either high contrast or optimum resolution 
is the principal requirement, it is necessary to 
adjust the conditions of preparation of the replica 
accordingly. 

In principle, resolution involves three aspects: 
(i) the inherent limit of resolution of the replica 
due to its self-structure; (ii) the resolving power 
of the microscope, and (iii) the effective resolution 
in the micrograph. Since the resolving power of 
modern, high-performance microscopes is con- 
siderably better than other limitations, it is assumed 
here that the effective resolution is determined 
principally by the shape, thickness and inherent 
resolution of the replica and the contrast in the 
image. 
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Shadowcasting 

Contrast between adjacent regions of a replica 
can be enhanced considerably by the process 
known as ‘ shadowcasting,’ in which a suitable 
heavy metal or oxide is deposited on to the replica 
obliquely, from a small source, im vacuo.* ™ 
Provided that the electron scattering power of the 
shadowing material is large compared with that of 
the original replica, the composite film may be 
regarded essentially as an evaporation replica. In 
consequence, similar considerations for resolution 
and contrast apply to the shadowing process as 
those just discussed. 

Additional requirements are that (i) if sharp 
shadows are to be cast, the atoms or molecules of 
the evaporant must not migrate over the surface 
of the replica and (ii) there must be no significant 
change in distribution or structure (e.g. aggregation) 
during subsequent observation in the microscope. 

All these factors restrict severely the choice of 
suitable materials, the most useful being chromium, 
palladium, gold - palladium, platinum - palladium, 
tungsten oxide, uranium oxide (U,O,) and platinum. 

The optimum thickness of the deposited layer is 
determined by its electron scattering power, the 
size and shape of the surface features of interest 
and the compromise adopted between resolution 
and contrast. 

In practice, it is found that film thicknesses 
ranging from 20 A for chromium to 5 A for platinum, 
with « approximately equal to 10’, are suitable for 
the majority of applications. 


Special techniques 

Apart from the general requirements of replica 
techniques, some applications have called for the 
development and use of special methods. In 
electron metallography, two problems which often 
arise are: firstly the provision of means for examin- 
ing in the microscope a selected small area of 
a replica corresponding to a selected area of the 
specimen and, secondly, the quantitative deter- 
mination of relative surface elevations, e.g. in the 
study of slip. The former allows the study of 
a particular feature on the specimen or the following 
of changes in a selected region during an experiment. 

A technique for selecting areas involves three 
main features: means for (i) optical observation of 
the specimen and the selection of given regions 
for subsequent examination in the electron micro- 
scope; (ii) recognition of the same surface details 
on the replica, and (iii) mounting the replica upon 
the supporting grid so that the given areas are not 
obscured by the grid bars and can be rapidly 
identified and examined in the electron microscope. 

The quantitative determination of surface eleva- 
tions can be made, in principle, by any of the 
following methods. 
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(i) By calculation of the differences in thickness 
of a replica from the variations in electron intensity 
in the image. 

(ii) By measurement of lengths of shadows in 
a shadowcast replica. 

(iii) By stereomicroscopy. 

The first method involves a number of uncer- 
tainties such as the operative scattering processes, 
the relation between electron intensity and replica 
shape and, if measurements are made on a micro- 
graph, the correlation between electron intensity 
and photographic density. In consequence, it has 
found little practical use. 

Shadowing, although excellent qualitatively, is 
generally limited in its application to the measure- 
ment of the surface heights of well-dispersed 
objects on a relatively flat surface. 

The large depth of focus of electron microscope 
objectives (~1) permits stereomicrographs to be 
obtained readily by tilting the replica relative to 
the beam between exposures.** If the two micro- 
graphs are combined in a stereoviewer equipped 
with a parallax bar, the surface contour can be 
observed and measured over the whole field of 
view. Provided that the micrographs contain 
sufficient detail so that the floating dot of the 
viewer can be positioned accurately, stereoscopy 
can be applied quantitatively to a wide variety of 
surfaces and far surpasses either of the two previous 
methods. 


Interpretation 

It is sometimes overlooked that success in 
electron metallography depends as much upon the 
extent to which a high-quality micrograph may be 
precisely and uniquely interpreted, as upon the 
experimental factors involved in its production. 
Unfortunately, interpretation is not always as 
straightforward as desirable. 

First, however, justifiable confidence must be 
established in the technique itself. It has already 
been pointed out that spatial fidelity of replicas is 
of fundamental importance in quantitative work 
and little latitude can be allowed even in qualitative 
studies. In addition, false detail in the replica such 
as strain markings, holes, dirt, etc., must be avoided 
or readily recognizable. There are no infallible 
guides to success: selective-area techniques for 
comparing different types of replica of the same 
area of the specimen, stereoscopy, comparison of 
results from a replica with interferometric measure- 
ments on the original specimen and, lastly, ex- 
perience and objective judgment are all aids which 
may be employed to assess the reliability of the 
final product—1.e. the micrograph. 

After reliability has been established, further 
difficulties may arise in deducing the surface 
features from the variations in photographic density 
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3 (a) and (b) Evaporation replicas of single and double 
steps on a surface; (c) and (d) Corresponding intensity 
variations in the images 


on the micrograph. The point is illustrated in 
Fig. 3, which represents in (a) and (b) two evapora- 
tion replicas from a single and a double step on 
a metal surface. The relative intensities of the 
transmitted electrons are indicated approximately 
in (c) and (d) for the two cases. Three features 
should be noted. 

(i) A step on the surface produces a trough in 
the intensity contour, giving the appearance in the 
image of a dark band BC, with blurred edges AB 
and CD. 

(ii) The double step in Fig. 3b also results in 
a trough EFGH, which qualitatively is very similar 
to that from the single step. 

(iii) Although self-structure in the replica and 
the resolving power of the microscope may not be 
limiting factors, there is no indication in the 
image (d) of two steps. Fine structure may there- 
fore be difficult to detect even though within the 
nominal resolution limits of the method. 

Interpretation, therefore, also requires know- 
ledge and experience of the type of film formation 
and contrast characteristics of the replica tech- 
nique employed. If ambiguity is to be avoided, 
full advantage should be taken, where appropriate, 
of additional information provided by shadow- 
casting (length and direction of shadows), stereo- 
scopy and any other useful aids. 


Bulk specimen methods 

The undoubted advantages for many investiga- 
tions of viewing the surface of the specimen directly 
without the aid of a replica have stimulated renewed 
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interest in methods of direct observation. Improve- 
ments in reflection, emission and scanning micro- 
scopes now enable these methods to be used with 
advantage in particular fields of application. 


Reflection microscopy 

The specimen is illuminated at grazing incidence, 
8, (~1-2°), with monokinetic electrons (fig. 4), 
and a portion of the reflected electrons is then used 
for image formation as in the transmission method. 
Since the process of electron scattering is largely 
inelastic, and the energy spread increases with 
reflection angle, @,, it is necessary to use a limiting 
aperture, D, and a relatively small value for 4, to 
avoid excessive chromatic aberration in the electron 
lenses. Under optimum conditions (¢, approxi- 
mately equals 1-2°, ¢, approximately equals 4-8°, 
numerical aperture approximately equals 1-5 
10-*), a resolution of 200-250A has been achieved. 

The method has the following main advantages. 

(i) Surfaces not suitable for replication may be 
examined. 

(ii) Direct and continuous observation of dynamic 
changes in the surface can be made (e.g. phase 
transformations at elevated temperatures). 

(iii) Due to electron shading at the small incident 
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angle, micrographs have a pronounced three- 
dimensional appearance. 

(iv) There is ability to reveal small surface 
slopes. 

The disadvantages are as follows. 

(i) Since only a small fraction of the reflected 
electrons form the final image, a high incident 
intensity is mecessary, resulting in increased 
contamination and instability of the specimen. 

(ii) The small viewing angle, 4, leads to a 
reduction in magnification of the surface in a 
direction corresponding to the reflected beam. 
For example, for @, 10°, the foreshortening 
approximately equals 6: 1. 

(iii) There is poor resolution compared with 
transmission microscopy. 

(iv) The length of specimen in the foreshortened 
direction which is in sharp focus is limited to t/cos 
6,, where ¢ is the depth of focus of the objective. 

(v) Relatively smooth surfaces are necessary for 
low angles of incidence, owing to the information 
lost in the electron shadows. 

The desirability of increasing @, to reduce the 
foreshortening and permit observation of rougher 
surfaces has led to a re-examination of the factors 
limiting resolution at higher viewing angles. It 
has been shown that the limitation is due principally 
to carbonaceous contamination of the specimen 
surface in the electron beam, and that if this is 
eliminated by continuous ion bombardment during 
observation a resolution of about 300 A may be 
achieved for @, as high as 23°.%° In this case, the 
foreshortening is reduced to 2-5: 1 and further 
correction can be achieved electron optically. 


Emission microscopy 

Microscopes of this class use the specimen itself 
as the electron source and additionally either 
employ elevated temperatures and surface activators 
(thermionic emission) or high potential gradients at 
the tip of a small needle-shaped specimen (field 
emission). The former type is of more direct 
interest in electron metallography, although the 
latter shows promise of becoming a powerful tool 
for investigations on an atomic scale. 

Thermionic emission. This type of instrument 
employs thermally emitted electrons to produce 
a magnified image of the heated metal surface.®*. *? 
Since the emission from most metals at temperatures 
of interest (generally below 1,000°C.) is not suf- 
ficiently intense or selective to dintinguish clearly 
between grains, it is necessary to deposit on the 
surface a thin layer of a material of low work 
function as an activator (e.g. barium or caesium). 

The amount of activator adsorbed varies from 
one crystal face or phase to another, thus giving 
rise to differential electron emission. Unfortunately, 
even with an activator, insufficient emission occurs 
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below ~600°C., thus eliminating the study of 
many phenomena of interest at lower temperatures. 
A further restriction arises from poisoning of the 
reactive emitter by trace elements commonly 
found in some commercial alloys. 

The principal use of the method is in following 
continuously changes in metals and alloys which 
occur above 600°C. (e.g. crystal growth and phase 
transformations). Due to the limitations outlined 
above, it has been applied chiefly to iron-base 
alloys.2*. ** The useful resolution, which is ~900 A 
at present, is limited principally by surface 
roughness. 

Field emission. An alternative arrangement to 
the thermionic microscope depends upon the cold 
emission of electrons from a specimen under a 
high potential gradient. In order to obtain the 
high electric field strength, the specimen has to 
be in the form of an electrode with a radius of 
curvature at the tip ~1,000 A or less. The varia- 
tions of intensity in the image, which are governed 
mainly by the local work function and electric field, 
are related to the specific crystallographic 
orientations of the surface facets. 

The field emission microscope, which is being 
developed principally by Miiller,*°.*' has been 
applied chiefly to refractory metals such as tungsten 
and rhenium, and using electrons a resolution 
~20A has been attained. A recent improvement 
uses helium ions, with the specimen tip cooled 
with liquid hydrogen. Under these conditions, 
a resolution of better than 3 A has been reported 
Although of very restricted application, this method 
therefore seems to hold considerable promise for 
studying on an atomic scale phenomena such as 
lattice defects, adsorption and damage by particle 
bombardment. 


Scanning microscopy 

The scanning microscope, which wa devised 
about 20 years ago, has recently undergone further 
development. In this instrument, the specimen is 
scanned by an electron probe (~200 A in diameter 
as in television image-converter tubes. Variations 
in intensity of the scattered electrons, which 
depend mainly upon the local surface topography, 
are shown on a cathode ray tube synchronized 
with the scanning beam. A resolution of about 
250 A has been claimed,™ the main limitations 
being the probe size, the separation of scanning 
lines and also possibly electron diffusion in the 
specimen. 

The principal advantages of the method lie in 
its ability to cope with rough surfaces (since large 
angles of incidence and reflection can be employed), 
and the fact that, for several reasons, electron 
bombardment of the specimen is less severe than 
in other electron microscopes. On the other hand, 
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the instrument is electronically complex and does 
not appear to be as useful for electron metallo- 
graphy as the reflection micrescope. 


Direct transmission methods 

From the foregoing it is clear that at present, 
with the exception of the field-emission micro- 
scope, a transmission instrument must be used if 
a resolving power of better than ~200 A is required. 
Applications of replica techniques to metals have 
already revealed microtopographical details of great 
interest well below this limit, and it now appears 
that there is, in fact, a continuous range of sizes, 
from features on an atomic scale upwards, to 
which electron metallography can be profitably 
applied. Efforts have therefore been intensified 
during recent years to extend lower limits of 
observation with the ultimate goal of imaging the 
metallic lattice itself together with its defects. 
The deficiencies of replicas in this respect have 
revived interest recently in the possibilities of 
utilizing the potentialities of modern, high-perfor- 
mance transmission microscopes for examining 
metals directly. 

Sufficiently thin sections (less than 1,000 A) for 
transmission microscopy can be prepared by the 
following methods. 

i) Preparation of thin crystals of lamellar habit 
by a suitable process, e.g. evaporation. 

ii) Ultra-microtome techniques. 

iti) Reduction of thickness of bulk specimens 
by electropolishing, etching or ionic bombardment. 

For metals, the first type of method is of limited 
application, but can provide useful information 
when correlation between morphology and crystal 
Structure of small crystals is required, or when 
electron interference phenomena (e.g. moiré pat- 
terns) are important. Ultramicrotome techniques 
have been developed principally for biological 
applications of electron microscopy, but have also 
been used for cutting ultra-thin sections (~100 A) 
of metals such as aluminium, germanium, uranium, 
platinum and aluminium-copper alloys. * Owing 
to the need for special equipment for this purpose, 
however, and doubts as to the severity of the plastic 
deformation introduced during cutting, the more 
simple experimental techniques of thinning by 
controlled etching, ~** electropolishing,*”: “ or ion 
bombardment*’: **. * are in general preferred at 
the present time. 

The microscope must incorporate the following 
features (which are not so important for replicas) 
if the full potentialities of the method are to be 
realized. 

i) Owing to the high electron scattering by the 
relatively thick film, an accelerating voltage of 
80-100 kV. is required. 

ii) A highly efficient gun-condenser system is 
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essential both to take full advantage of the high 
instrumental resolution and magnification now 
available, and to produce, if desired, changes in the 
specimen by means of thermally-induced stresses, 
so that the changes can be observed as they occur. 

(iii) Due to the dependence of contrast in the 
image on the local orientation between the specimen 
and the beam, it is desirable to observe the images 
over a range of orientations, and also in some cases 
to use both bright- and dark-field illumination. 

(iv) Since diffraction effects contribute markedly 
to image formation and contrast, the size of the 
objective aperture should be considered carefully 
in relation to the electron scattering mechanisms 
operative in the specimen. 

(v) Contamination of the specimen in _ the 
electron beam is a severe hindrance to good contrast 
and reduces rapidly the quality of the image. 
Unless special precautions (to be discussed later) 
are taken, the selected region of the specimen 
should be observed and photographed as quickly 
as possible. 

A number of modern microscopes fulfil these 
requirements and this has made possible studies 
of thin films along four main lines, viz.: 

i) The observation of substructures and struc- 
tural defects. 

ii) The direct resolution of crystal lattices. 

iii) Indirect lattice resolution via electron inter- 
ference effects. 

(iv) The application to multiphase systems. 

It is important to note that in all work of this 
type, techniques of electron diffraction, particularly 
that of selected-area microdiffraction, are a most 
valuable complement to electron microscopy in 
providing vital information on both structure and 
the relation between diffraction effects and image 
formation. 


Substructures and dislocations 

Image contrast in electron micrographs is deter- 
mined not only by incoherent scattering and absorp- 
tion of electrons but also by diffraction of the 
incident beam by suitably oriented planes in the 
specimen. In particular, if the objective aperture 
removes some or all of the diffracted electrons from 
the post-specimen beam, variations in contrast are 
observed in the final image which are related 
directly to the intensities of the Bragg reflections, 
contour and thickness changes in the film and 
structural defects such as dislocations and 
faults.*. 4.4 The outstanding potentialities of 
the technique became apparent from the study by 
Hirsch, Horne and Whelan*’ which revealed the 
distribution and motion of individual dislocation 
lines in the interior of thinned aluminium foil. 
The dislocations are rendered visible in the image 
by virtue of their associated strain fields, which 
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cause enhanced diffraction from the lattice in their 
immediate vicinity. Their motion seems to be due 
to local stresses resulting from the intense electron 
beam. 


Direct resolution of the lattice 

Whilst the technique just described enables 
imperfections in crystals to be observed, it does 
not show the crystal lattice itself. The initial step 
towards this goal has been achieved recently by 
Menter.?: “© Although the method opens up rich 
new fields for exploitation, it has not been developed 
sufficiently as yet for general application to metals. 

It has been realized for some time that the limit 
of resolution in electron microscopy is less stringent 
for an orderly arrangement of atoms or molecules 
as in a crystal lattice, than for similar objects in 
an irregular array. In the former case, Menter 
has shown that an image of suitably oriented planes 
may be formed by utilizing only their zero and 
first order Bragg reflections, others being excluded 
by the objective aperture. In this case, only a very 
narrow zone of the lens is used so that spherical 
aberration is reduced and resolution is improved. 
The image obtained is, in effect, a coarse Fourier 
projection of the particular planes involved, and 
cannot compare in detail with data provided 
indirectly by conventional methods of structure 
analysis. It has, however, the inestimable advantage 
of permitting a direct study to be made of the 
lattice of certain crystals, and imperfections in the 
lattice in relation to mechanical properties 


Indirect resolution of the lattice 

The factor of approximately three between the 
best direct resolution reported so far, and that 
necessary for metals, may be overcome in some 
cases by an indirect method utilizing interference 
effects. Fringes in electron-microscopical images 
of two overlapping crystals were first reported for 
graphite,*’ and have since been observed in several 
other similar cases. It is now clear that these 
fringes (moiré pattern) arise as a result of inter- 
ference between the undeviated beam and beams 
that have been doubly diffracted in opposite 
directions by a given set of planes in each crystal.** 
The moiré pattern produced, which may be 
regarded as a coarse magnified image of the diffract- 
ing planes, is modified by imperfections, such as 
dislocations, in either lattice, and in favourable 
cases the type of defect can be identified uniquely.*® 

Instead of relying on the rare fortuitous over- 
lapping of crystals with correct relative orientation, 
Pashley, Menter and Bassett have developed 
a technique using evaporation for deliberate over- 
lapping of pairs of crystals in closely parallel 
orientation.*” Epitaxial films of gold with nickel, 
copper, cobalt, palladium and platinum have been 
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below ~600°C., thus eliminating the study of 


many phenomena of interest at lower temperatures. 
A further restriction arises from poisoning of the 
reactive emitter by trace elements commonly 
found in some commercial alloys. 

The principal use of the method is in following 
continuously changes in metals and alloys which 
occur above 600°C. (e.g. crystal growth and phase 
transformations). Due to the limitations outlined 
above, it has been applied chiefly to iron-base 
alloys.**: 2% The useful resolution, which is ~900 A 
at present, is limited principally by surfac 
roughness. 

Field emission. An alternative arrangement to 
the thermionic microscope depends upon the cold 
emission of electrons from a specimen under a 
high potential gradient. In order to obtain th 
high electric field strength, the specimen has 1 
be in the form of an electrode with a radius of 
curvature at the tip ~1,000 A or less. The varia 
tions of intensity in the image, which are governed 
mainly by the local work function and electric field 
are related to the specific crystallographi 
orientations of the surface facets 

The field emission microscope, which is being 
developed principally by Miiller,*’ *' has been 
applied chiefly to refractory metals such as tungsten 
and rhenium, and using electrons a resolution 
~20A has been attained. A recent improvement 
uses helium ions, with the specimen tip cooled 
with liquid hydrogen. Under these conditions, 
a resolution of better than 3 A has been reported.” 
Although of very restricted application, this method 
therefore seems to hold considerable promise for 
studying on an atomic scale phenomena such as 
lattice defects, adsorption and damage by particle 
bombardment 


Scanning microscopy 

The scanning microscope, which was devised 
about 20 years ago, has recently undergone further 
development. In this instrument, the specimen is 
scanned by an electron probe (~200 A in diameter 
as in television image-converter tubes. Variations 
in intensity of the scattered electrons, which 
depend mainly upon the local surface topography, 
are shown on a cathode ray tube synchronized 
with the scanning beam. A resolution of about 
250 A has been claimed, the main limitations 
being the probe size, the separation of scanning 
lines and also possibly electron diffusion in the 
specimen. 

The principal advantages of the method lie in 
its ability to cope with rough surfaces (since large 
angles of incidence and reflection can be employed), 
and the fact that, for several reasons, electron 
bombardment of the specimen is less severe than 
in other electron microscopes. On the other hand, 
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the instrument is electronically complex and does 
not appear to be as useful for electron metallo- 
graphy as the reflection micrescope. 


Direct transmission methods 

From the foregoing it is clear that at present, 
with the exception of the field-emission micro- 
scope, a transmission instrument must be used if 
a resolving power of better than ~200 A is required. 
Applications of replica techniques to metals have 
already revealed microtopographical details of great 
interest well below this limit, and it now appears 
that there is, in fact, a continuous range of sizes, 
from features on an atomic scale upwards, to 
which electron metallography can be profitably 
ipplied. Efforts have therefore been intensified 
luring recent years to extend lower limits of 
‘bservation with the ultimate goal of imaging the 
metallic lattice itself together with its defects. 
Che deficiencies of replicas in this respect have 
revived interest recently in the possibilities of 
itilizing the potentialities of modern, high-perfor- 
mance transmission microscopes for examining 
metals directly. 

Sufficiently thin sections (less than 1,000 A) for 
transmission microscopy can be prepared by the 
following methods. 

i) Preparation of thin crystals of lamellar habit 
by a suitable process, e.g. evaporation. 

ii) Ultra-microtome techniques. 

iti) Reduction of thickness of bulk specimens 
by electropolishing, etching or ionic bombardment. 

For metals, the first type of method is of limited 
application, but can provide useful information 
when correlation between morphology and crystal 
structure of small crystals is required, or when 
electron interference phenomena (e.g. moiré pat- 
terns) are important. Ultramicrotome techniques 
have been developed principally for biological 
applications of electron microscopy, but have also 
been used for cutting ultra-thin sections (~100 A) 
of metals such as aluminium, germanium, uranium, 
platinum and aluminium-copper alloys.™: * Owing 
to the need for special equipment for this purpose, 
however, and doubts as to the severity of the plastic 
deformation introduced during cutting, the more 
simple experimental techniques of thinning by 
controlled etching, ~** electropolishing,*”: " or ion 
bombardment’: *. * are in general preferred at 
the present time. 

The microscope must incorporate the following 
features (which are not so important for replicas 
if the full potentialities of the method are to be 
realized. 

i) Owing to the high electron scattering by the 
relatively thick film, an accelerating voltage of 
80-100 kV. is required. 

i) A highly efficient gun-condenser system is 
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essential both to take full advantage of the high 
instrumental resolution and magnification now 
available, and to produce, if desired, changes in the 
specimen by means of thermally-induced stresses, 
so that the changes can be observed as they occur. 

(iii) Due to the dependence of contrast in the 
image on the local orientation between the specimen 
and the beam, it is desirable to observe the images 
over a range of orientations, and also in some cases 
to use both bright- and dark-field illumination. 

(iv) Since diffraction effects contribute markedly 
to image formation and contrast, the size of the 
objective aperture should be considered carefully 
in relation to the electron scattering mechanisms 
operative in the specimen. 

v) Contamination of the specimen in the 
electron beam is a severe hindrance to good contrast 
and reduces rapidly the quality of the image. 
Unless special precautions (to be discussed later 
are taken, the selected region of the specimen 
should be observed and photographed as quickly 
as possible. 

A number of modern microscopes fulfil these 
requirements and this has made possible studies 
of thin films along four main lines, viz. : 

i) The observation of substructures and struc- 
tural defects. 

(ii) The direct resolution of crystal lattices. 

iii) Indirect lattice resolution via electron inter- 
ference effects. 

(iv) The application to multiphase systems. 

It is important to note that in all work of this 
type, techniques of electron diffraction, particularly 
that of selected-area microdiffraction, are a most 
valuable complement to electron microscopy in 
providing vital information on both structure and 
the relation between diffraction effects and image 
formation. 


Substructures and dislocations 

Image contrast in electron micrographs is deter- 
mined not only by incoherent scattering and absorp- 
tion of electrons but also by diffraction of the 
incident beam by suitably oriented planes in the 
specimen. In particular, if the objective aperture 
removes some or all of the diffracted electrons from 
the post-specimen beam, variations in contrast are 
observed in the final image which are related 
directly to the intensities of the Bragg reflections, 
contour and thickness changes in the film and 
structural defects such as_ dislocations and 
faults.*- 4.45 The outstanding potentialities of 
the technique became apparent from the study by 
Hirsch, Horne and Whelan*’ which revealed the 
distribution and motion of individual dislocation 
lines in the interior of thinned aluminium foil. 
The dislocations are rendered visible in the image 
by virtue of their associated strain fields, which 
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cause enhanced diffraction from the lattice in their 
immediate vicinity. Their motion seems to be due 
to local stresses resulting from the intense electron 


beam. 


Direct resolution of the lattice 

Whilst the technique just described enables 
imperfections in crystals to be observed, it does 
not show the crystal lattice itself. The initial step 
towards this goal has been achieved recently by 
Menter.?: “© Although the method opens up rich 
new fields for exploitation, it has not been developed 
sufficiently as yet for general application to metals. 

It has been realized for some time that the limit 
of resolution in electron microscopy is less stringent 
for an orderly arrangement of atoms or molecules 
as in a crystal lattice, than for similar objects in 
an irregular array. In the former case, Menter 
has shown that an image of suitably oriented planes 
may be formed by utilizing only their zero and 
first order Bragg reflections, others being excluded 
by the objective aperture. In this case, only a very 
narrow zone of the lens is used so that spherical 
aberration is reduced and resolution is improved. 
The image obtained is, in effect, a coarse Fourier 
projection of the particular planes involved, and 
cannot compare in detail with data provided 
indirectly by conventional methods of structure 
analysis. It has, however, the inestimable advantage 
of permitting a direct study to be made of the 
lattice of certain crystals, and imperfections in the 
lattice in relation to mechanical properties 


Indirect resolution of the lattice 

The factor of approximately three between the 
best direct resolution reported so far, and that 
necessary for metals, may be overcome in some 
cases by an indirect method utilizing interference 
effects. Fringes in electron-microscopical images 
of two overlapping crystals were first reported for 
graphite,*’ and have since been observed in several 
other similar cases. It is now clear that these 
fringes (moiré pattern) arise as a result of inter- 
ference between the undeviated beam and beams 
that have been doubly diffracted in opposite 
directions by a given set of planes in each crystal.** 
The moiré pattern produced, which may be 
regarded as a coarse magnified image of the diffract- 
ing planes, is modified by imperfections, such as 
dislocations, in either lattice, and in favourable 
cases the type of defect can be identified uniquely.** 

Instead of relying on the rare fortuitous over- 
lapping of crystals with correct relative orientation, 
Pashley, Menter and Bassett have developed 
a technique using evaporation for deliberate over- 
lapping of pairs of crystals in closely parallel 
orientation.°” Epitaxial films of gold with nickel, 
copper, cobalt, palladium and platinum have been 
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examined in this way. The technique also allows 
the movement of dislocations to be studied by 
observing the movements of the lattice planes 
themselves as a result of, for example, heat or 
controlled deformation. 


Multiphase systems 

In the study of multiphase systems (in particular 
aluminium-base alloys) by replica techniques, 
difficulties are often encountered in providing 
sufficient surface relief, or in avoiding the leaching 
out of one phase by excessive preferential attack 
by the etchant. Attention has therefore been 
directed in recent years towards direct transmission 
methods for avoiding this limitation. Techniques 
have now been developed for producing thin films 
of aluminium-base alloys by electropolishing*': * 
and ion bombardment.*: * 

The technique appears very promising for the 
study of ageing phenomena, and should provide 
much additional information inaccessible to replicas. 


Conclusion 

In conclusion, it is perhaps worth stressing that 
all metallographic techniques are primarily of value 
in so far as they are able to furnish additional 
unambiguous information upon the problems at 
hand. Electron physics has now provided metallo- 
graphy with a series of additional tools for extending 
the range of direct observation almost to the metal 
lattice itself. The final step to atomic dimensions is 
likely to prove the most arduous, but the goal is within 
sight. In the meantime, much fertile ground is 
now open for exploration and most success is 
likely to accrue if existing techniques are employed 
in a unified and co-ordinated attack. 
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NADEFS Spring lectures 1959 


A course of five lectures has been arranged by 
the Technical and Production Committee of the 
National Association of Drop Forgers and Stampers 
on the theme of Competitive Processes to Drop 
Forging, to be given in the Byng Kenrick Suite, 
College of Technology, Gosta Green, Birmingham, 
during April and May, 1959, at 7 p.m. 

Aprit 8. Powder Metallurgy, by Dr. P. R. Mar- 


shall, B.SC., PH.D., F.R.I.C., director, Metal & Plastic 
Components Ltd. 


APRIL 16. Brazing, by N. H. Jones, A.M.I.MECH.E., 
A.M.1.W., research laboratories, Joseph Lucas Ltd. 


APRIL 22 Why Cold Forging, by F. Griffiths, 
chief production engineer, British Motor Cor- 
poration Ltd. 


APRIL 29. Investment Casting, by W. J. Humph- 
reys, director and general manager, Deritend 
Precision Casting Co. Ltd. 


May 6. Steel Casting by Shell Moulding, by 
A. Pearson, light foundry manager, Clyde Alloy 
Steel Co. Ltd. 


Application for admission to the course should 
be made on the attached form and sent to the 
National Association of Drop Forgers and Stampers, 
245 Grove Lane, Handsworth, Birmingham 20, 
together with the fee, which for the course of 
lectures is 12s. 6d. per person. Accommodation 
is limited, and members are advised to make 
early application. 


It is hoped to publish summaries of these 
lectures in METAL TREATMENT AND DROP FORGING 
later this year. 
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Germanium 


The economic and practical importance of a number of elements which were dis- 
covered in the 19th century has only been recognized after many decades. What 
was once regarded as rare has subsequently in many cases proved to be abundant, 
as the earth’s surface and its mineral resources have been searched increasingly for 
useful materials. One of these elements is germanium and the following account of 
its history, extraction, properties and uses is based on a contribution by A. Liibke 
in ‘ Metall,’ Fuly, 1958. This is the second of a series of articles appearing in 
this journal on the newer metals—an article on vanadium appeared in lasts 


month’s issue 


WHEN, IN THE 19TH CENTURY, a new mineral was 
discovered in Freiberg, Germany, and called 
argyrodite on account of its high silver content, it 
was found that in the analysis there was a persistent 
deficiency of about 6—7",, in the final result. 


At that time, the gifted chemist, Clemens 
Winkler (1838-1904) worked at the Freiberg 
Academy. He investigated the causes responsible 


for the deficiency in the analysis of argyrodite and 
assumed that an element as yet unknown must be 
concealed in the mineral. All the attempts made 
by Winkler to extract the mineral with sulphur and 
to acidify with hydrochloric acid resulted in the 
disappearance of the material sought. In 1886, by 
chance, he obtained the important result that there 
was more hydrochloric acid in the solution than 
previously and also observed a white deposit in 
the form of heavy flakes. This sulphide could be 
reduced in a hydrogen current to grey metallic 
powder. Winkler reported his important discovery 
in the journal Berichte der deutschen Chemischen 
Gesellschaft. 

At first Winkler wished to call the new element 
Neptunium. He reported to this effect in a lecture 
before the Chemischer Gesellschaft: 


The discovery calls to mind that of the planet Neptune 
which, after its existence had been predicted on the basis 
of calculations made by Adams and Leverrier, was 
similarly discovered only subsequently by Galle. Seldom 
indeed has an element, by its appearance and behaviour, 
been so calculated to mislead as precisely this one. 
Seldom also, however, has intensive investigation thereof 
produced such an astonishing agreement between calcula- 
tion and actual discovery as in the present case. Accord- 
ingly, and for the very reason that a particularly detailed 


provisional description of * eka-silicon 


which 


had been given 


now was almost overwhelmingly confirmed, 
Mendeléeff qualified this discovery as the most significant 


confirmation of the accuracy of his periodic system.’ 


Winkler afterwards abandoned the idea of calling 
the new element Neptunium, in view of the fact 
that already on a previous occasion an element 
had been so named in error. He called the new 
element ‘ germanium.’ 


Occurrence 

For a long time, germanium was included among 
the rare elements and it was assumed that in the 
uppermost 10 miles of the earth’s crust practically 
no germanium was to be found. Subsequent 
investigation of soil and numerous minerals led, 
however, to the conclusion that germanium is 
present far more frequently than had been assumed. 
It is mainly found in argyrodite (4Ag,S.GeS,), as 
already mentioned, and in germanite. 

Germanite (Cu,FeGeS,), a copper-iron-ger- 
manium sulphide, the chemical formula of which 
is not yet finally established, is a reddish-purple, 
metallic mineral which is found in Tsumeb (South- 
West Africa). In addition to about 8°,, germanium, 
it contains 1°, thallium, together with arsenic, 
zinc, lead, titanium and tungsten. 

Among other minerals in which germanium is pre- 
sent can be included canfieldite (4Ag,S.(Ge,Sn)S,), 
also an argyrodite in which a certain quantity of ger- 
manium is replaced isomorphically by zinc. It is also 
found in ultrabasite (11Ag,S.28PbS.3GeS,.Sg,S,). 
Very recently, an important source of germanium 
has been discovered in the Belgian Congo in 
renierite which contains up to 7°8°%, germanium 
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and is treated in the Prince Leopold Copper 
Mines in the Belgian Congo. 

Traces of germanium are found in crucible 
residues in the North American Zinc Works. The 
Eagle-Picher Lead Co., Joplin, Missouri (U.S.A.), 
which recovers germanium from lead-zinc ore 
residues, are acknowledged to be the most important 
germanium producers in the world. In recent 
times, germanium has also been discovered in 
bituminous coal in most countries and a very wide 
range of published literature 1s available. 

The Ruhr industries’ interests in association with 
the Ruhr mining interests are said to plan a large- 
scale project to recover germanium from Ruhr 
coke-plant waste. The director of the Japanese 
Coal Research Institute, Dr. Kazuhiko Asai, stated 
‘In the Ruhr district, every year about 8 tons of 
germanium are washed away, unused, into the 
sewers,’ and added that thus DM80 million a year 
are wasted. 

After the wide range of application of germanium 
had become known and new possibilities were 
revealed, the search for this element was progres- 
sively intensified. Production in recent years has 
increased very considerably: 1t amounted in 1948 
to 500 kg., in 1951 to 5,000 kg., in 1953 to 10,500 
kg., in 1954 to 18,500 kg. and in 1955 to 32,000 kg., 
throughout the world. From a formerly unimpor- 
tant element with which the technologists could not 
come to grips it has developed into a much-coveted 
metal. 


Properties 

Germanium is a very brittle, greyish-white, 
lustrous metal, with an atomic weight of 72-6 and 
an atomic number 32. It greatly resembles silicon, 
with a high melting point, a high resistance to 
mineral acids and alkaline solutions and the pro- 
perty of forming gaseous hydrides (hydrogen com- 
pounds with metals). It is resistant to air, but on 
the other hand, when subjected to great heat, it 
oxidizes to a white oxide (GeO,). Like zinc, 
germanium can be bivalent or quadrivalent. In 
the former state it is unstable and tends to be trans 
formed into the quadrivalent oxidation stage. The 
bivalent germanium is yellow, red or black and the 
quadrivalent white or transparently colourless. 


Detection and extraction 

Spectral analysis provides the most reliable 
indication of the presence of germanium. Ger- 
manium has been determined by spectral analysis 
in plant ash, soil extracts, lignite, tar, flue dust, 
water, meteorites, sugar beet, tea leaves, zinc and 
other materials. Bivalent or quadrivalent ger- 
manium can be detected by precipitating with 
hydrogen sulphide or tannin, by thermal decom- 
position of the tetrahydride or by fluorescence. 
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Finally, it can be established by micro-chemical 
investigation by drop-test reaction by paper chroma- 
tography and by polarographic determination. 

Already Winkler found the extraction of the pure 
metal difficult. In August, 1866, he wrote in this 
connection, *. . . even today, after 100 g. germanium 
have passed through my hands, I have not been 
able to master this element entirely and the best 
proof of this is the difficulty which accompanied 
its first detection and its discovery. An accidental 
discovery would have hardly been possible; it 
required to be investigated with all possible care.’ 

Winkler, who first produced germanium from 
argyrodite, confined himself to fractional precipita- 
tion of the sulphide. In a soda-sulphur melt of 
argyrodite, first arsenic, antimony and zinc were 
precipitated and finally, after addition of a strong 
acid, the white germanium sulphide precipitated out. 
By calcining. this was then converted into the oxide 
which could be reduced to the metal in a hydrogen 
jet at red heat. 

Since that tme, a great number of further 
methods of separation have been developed. In 
order to obtain separation of the zinc, arsenic and 
antimony, a sglution of sulphide in ammonia is 
prepared. This is neutralized with dilute sulphuric 
acid, which enables these three substances to be 
separated by filtering. The germanium remains in 
solution and is precipitated by the addition of 
sulphuric acid. 

In order to obtain pure germanium for practical 
use in the electronic field, the metal obtained from 
the prepared ores is chlorinated and the resulting 
GeCl, is purified by repeated distillation. By 
hydrolysis (GeC], 2H,0 GeO, 4HCl) 
pure germanium oxide is obtained and, by reducing, 
an element which has only a minute residue of 
electrically-active intruding atoms. Any impurities 
which may still be present are eliminated in the 
so-called * zone melting process,’ a crystallizing 
process in which the glow wire of a high-frequency 
transmitter 1s passed through a germanium crystal 
lying horizontally. The impurities in the fusion 
zone of the crystal are concentrated by this means 
and, since with the new structure of the crystal 
lattice all foreign matter is segregated, by frequent 
repetition of the process, very pure germanium is 
obtained. 

H. Salow and G. Kohl of the ‘ Fernmeldetech- 
nisches Zentralamt’ in Darmstadt mention a simple 
method for producing germanium crystals (‘ Die 
Umschau ’ 9 1955). A small, so-called germanium 
crystal nucleus is dipped in a germanium melt and 
drawn slowly upwards. The melt crystallizes on 
the nucleus. The germanium crystal must be of 


exceptionally high purity and there should be at 
most one foreign atom in ten million germanium 
In order to make the 


atoms in the crystal lattice. 
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crystal plane visible, the surface can be etched with 
a weak etching medium such as hydrogen peroxide 
until the characteristic shapes of the crystal plane 
emerge. 


Uses of germanium 

Winkler discovered germanium, but he was not 
aware of its wide range of physical properties. 
The foundation for the subsequently revealed 
importance of germanium is the invention of the 
television tube by the Nobel prize-winner Carl 
Otto Braun (1850-1918). The coherer or fritter, 
a small glass tube filled with nickel-silver filings 
between metal plugs, was replaced by Braun by 
a pyrite or galene detector, as a rectifier. Braun 
knew by reason of his discovery that, in addition 
to substances which are or are not electrical con- 
ductors, there are also substances which are per- 
meable to the current only in one phase and in 
which, under certain conditions, the conductivity 
varies. The crystal detector should thus serve to 
convert high-frequency alternating currents into 
direct current. Contact is made with the tip of 
a fine wire. The point of contact has the property 
of transmitting a current relatively well in one 
direction but very poorly in the other. 

The German physicist Walter Schottky later 
evolved the theoretical basis for the clear under- 
standing of this process which occurs at the points 
of contact between metal and semi-conductor. At 
the metal semi-conductor point of contact, a so- 
called potential threshold builds up in the semi- 
conductor which is substantially conditioned by the 
degree of impurity in the particular semi-conductor. 

At first, however, the use of crystals as semi- 
conductors for practical purposes remained insig- 
nificant because, with a high expenditure of high- 
frequency energy only a very small degree of control 
was obtained with minute currents. For practical 
high-frequency alternating currents, copper oxide 
and selenium rectifiers were used. However, with 
further research in the practical communications 
field, particularly for projection and radar equip- 
ment, it was found that for these purposes a crystal 
detector was the ideal receiver device. Finally, 
progressive investigation of the properties of 
crystals led to complete mastery of their application 
in communications engineering. 

Before germanium crystals were generally known 
as semi-conductors, Siemens & Halske already pro- 
duced in the year 1942 a germanium diode, 
which consisted of a small, oval, unbreakable 
germanium wafer which was bound with a wire. 
This clearly shows that in research laboratories in 
Germany, already during the war, serious work was 
devoted to the use of germanium as a semi- 
ductor. 

In recent literature, it has been reported that the 
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American scientists, William Shockley, John Bar- 
deen and Walter H. Bratain, in the laboratories of 
the Bell Telephone Co., U.S.A., had solved the 
problem of the use of crystal amplifiers and for 
this were awarded the Nobel Prize. Shockley in 
1945 was director of the research group for solid 
physics in the Bell Laboratories where, with 
Bratain and Bardeen in 1948, he succeeded in 
developing the first point transistor and, in 1952, he 
produced the flat transistor. 

Among the numerous published and unpublished 
German patents and secret processes which fell 
into American hands.after the war and which were 
then evaluated in the American laboratories and 
which, as the Americans themselves confirm, saved 
ten years’ research work, was presumably also 
included the investigation of germanium as the 
most suitable element for a detector acting as 
a rectifier. The recently developed apparatus has 
been named the Bell transistor. The research also 
disclosed that the germanium-crystal can be used 
not only as a rectifier but also as an oscillator and 
an amplifier. 


The germanium transistor 

Shockley proved in the year 1948 the Bardeen 
theory of the properties of the barrier layer on the 
surface of a germanium rectifier, z.e. on the basis 
of what the German physicist Schottky had diag- 
nosed as the potential threshold on the surface of 
a semi-conductor. With this confirmation, Bardeen 
and Bratain discovered that weak alternating cur- 
rents could be amplified by means of a three-elec- 
trode germanium crystal. This was the starting 
point for its subsequent importance in high-fre- 
quency technique. 

Current amplification by a germanium crystal 
proceeds as follows: when an alternating potential, 
for example from an aerial, reaches a germanium 
crystal, its electron structure at the point of contact 
of a tungsten wire is changed. The change is 
propagated further through the second point of 
contact of the tungsten wire. If a battery is con- 
nected to this electrode, the potential is raised 
considerably and is some hundredfold greater than 
at the position of the first electrode which was 
excited by the alternating potential of the aerial. 
The electron structure of the germanium crystal is 
sull further excited. This increased potential is 
sufficient for small and medium-size radio sets and 
can replace the thermionic valves customary in 
wireless sets. : 

Both the semi-conductor and the amplifier effect 
were now available in the germanium crystal. 
Shockley related his experiences in a book, ‘ Elec- 
trons and Cavities in Semi-Conductors,’ which 
appeared in 1950. At present already a number of 
types of crystal amplifiers are known (transistors 
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or germanium triodes) which serve different prac- 
tical purposes. As already stated above, the highest 
degree of purity in the germanium crystal is the 
most important prerequisite for its use as a transistor. 
The peculiarity of the germanium crystal is that 
it can be used both as a negative and also as a 
positive charge carrier, depending on the additional 
foreign elements incorporated into the crystal lattice. 
Negative charge properties are attained by incor- 
porating phosphorus, arsenic and antimony. Gal- 
lium and indium impart positive charge properties. 
In the first cases, the added materials supply one 
electron to the conducting band and thus create 
a negative effect. In the other cases, one electron 
is absorbed and thus a positive effect is obtained 
Apart from the purity of the germanium crystal 
and the accurately measured additions, its size is 
a prerequisite for perfect working in high-frequency 
technique. The transistor consists of the collector, 
which converts the alternating current into direct 
current, and the emitter, which emits the amplified 
current: between them lies the germanium crystal 
base). If now the period of an oscillation at the 
emitter is reduced compared with the cyclic period 
of the charge carrier in the region of the germanium 
crystal (base region), amplification of the current 
in the transistor is impossible. For this reason, 
the cyclic period from collector to emitter must be 
reduced to a minimum. This is obtained by 
reducing the base cross-section, 7.e. the thickness 
of the germanium crystal. There are a number of 
possible methods for this. One of these consists 
in boring a recess in the crystal, so that only a very 
thin wall remains on which collector and emitter 
are seated by a soldering process. A very compli- 
cated method has been developed by the Philco 
Co. A plate cut from a germanium crystal, 
thoroughly tested in regard to its purity and suita- 
bility, is reduced by lapping to about 0-008 mm. 
On this plate a solution of indium sulphate is 
electrolytically precipitated on both sides. Thus 
the lattice structure of the crystal is not disturbed 
but, on the other hand, the plate is considerably 
reduced in thickness and the barrier layer necessary 
for its utilisation as a transistor is created. The 
remaining wall of about 0-01 mm. thickness, oval 
on both sides, is coated with indium to which the 
collector and transmitter can be soldered. 


Another method for manufacturing _high- 
frequency transistors has been developed in 
America. With this diffusion process, a positively 


conducting metal, for instance gallium, 1s forced 
at a high temperature into the surface of a small 


germanium or silicon plate. A crystal transistor of 


negative type is obtained with a thin positive con- 
ducting layer. If a negatively conducting material, 


for instance arsenic, in the gaseous phase, 1s 
allowed to penetrate halfway into the substance 
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already embedded in the plates prepared in the 
manner indicated, then a transistor having negative 
and positive properties is obtained. The three 
layers are connected by inserting an aluminium 
wire which is in contact with all three layers. 


Recent applications 


The advantages of transistors consist in the fact 
that they are insensitive to temperature fluctuations, 
they require no heating battery or coil and are prac- 
tically indestructible. The transistor has proved 
its value in many ways in wireless equipment, in 
terms of improved and trouble-free working, and 
has enabled the construction of small and miniature 
receiving sets. It has also been already successfully 
incorporated in hearing aids and in calculating 
machines. 

A Chinese chemist has discovered that germanium 
ncreases the optical refraction of glass. A 0-35 
addition of germanium doubles the hardness of 
vinc and a 12”,, germanium-gold alloy can be used 
for soldering. In dura-aluminium the capacity for 
rolling can be improved by small germanium 
additions. 

Transistors are also used in other fields. For 
nstance, it has been found possible to make minute 
transistors which can be contained in a tubular 
capsule of 8 26 mm., and enable diagnosis of 
difficultly identifiable pathological conditions inside 
the body. The capsule is swallowed by the patient 
like a pill. Then an aerial wire is wound in several 
coils round the body which transmits the faint 
spark signals of the transistors to a larger apparatus 
and amplifies them. The transistor records the 
functioning of the stomach and migrates with the 
digested food further into the body, transmitting 
its signals from there. 

Good results have been obtained in the Harvard 
Medical School in the U.S.A. with transistors as 
heart stimulators. American surgeons can restore 
low pulse rates to normal by means of a germanium 
transistor. The electrodes are connected with the 
patient’s heart by which means the pulse is increased 
from 10 millivolts to 450 millivolts. This ampli- 
fication produces a stronger heart contraction and 
a higher pulse rate. More recently, a germanium 
transistor has also been used for the manufacture 
of specially light flashlight equipment for photo- 
graphic purposes. In this apparatus, the transistor 
replaces the chopper and booster so that a con- 
siderable saving in weight is obtained. 


New laboratory for aluminium foil 


As part of their expansion programme the Star Aluminium 
Co. recently announced the opening of a new foil develop- 
ment laboratory at Wolverhampton. Its purpose will be 
to experiment, develop and promote new uses of alumi- 
nium foil for the domestic and industrial markets 
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Forgeability of steels 
A critical survey of the literature: Part 2 


G. P. CONTRACTOR and W. A. MORGAN 


The use of low- and igh-alloy steels is expanding considerably, and the fabrication 
procedures for such alloys are becoming more complex. An attempt ts made, in this 
paper, to describe the effect of alloying elements on the hot-workability aspect of the 
fabrication of steels, and to indicate how changes in the forgeability characteristics 
may be predicted by laboratory tests. The different types of tests used and thetr 
limitations are discussed, and work which may be done to extend the use of these 
laboratory tests and to obtain more consistent and reliable results is outlined. Mr. 
Contractor 1s senior scientific officer, and Mr. Morgan head of the Ferrous Metals 
Section, Physical Metallurgy Division, Mines Branch, Department of Mines and 


Technical Surveys, Ottawa, Canada, who have issued the full report. 


is concluded in this issue 


ALTHOUGH AN EXTENSIVE sTUDY of the effects of 
various factors, including the alloying elements, 
on the hot-workability of steels has been carried 
out by a number of workers, the published results 
of hot-twist tests by each investigator seem to be 
different from those of the others. In other words, 
hot-twist test data on even the same type of material 
do not appear to be comparable and or reproducible. 
However, there are certain broad conclusions which 
can be drawn, on the basis of available information, 
to get a general idea of the effect of various alloying 
elements on the hot-workability of forging stock. 

In this connection it is important to mention,‘ 
at the outset, that although the results of hot-twist 
tests on a single heat are very reproducible, the 
same reproducibility does not appear to exist 
between different heats of the same class of steels. 
Tests on five heats of type 304 stainless steels, for 
example, showed that the temperature showing the 
maximum number of twists to fracture is different 
in each case and that there is quite a variation from 
one heat to another. In other words, it does not 
appear feasible to determine the maximum forging 
temperature from curves of single heats of various 
types of steel. Therefore, the best course, as 
suggested by Ihrig, is to obtain critical hot-work- 
ability data on individual heats in order to make 
them reproducible. 


The survey 


Carbon 

Regarding the influence of carbon it has been 
observed that in the case of straight carbon steels 
containing under about 0-45°,, carbon, the maxi- 
mum ductility (workability) rises with increasing 
temperatures and that steels higher in carbon have 
their maximum ductilities at about 2,350°F., or 
lower. Fig. 7 shows the results of hot-twist tests on 
five steels with carbon contents from 0:04-0:96". 
It will be seen that the number of twists to fracture 
decreases at each temperature with increasing carbon 
content (especially in cases of high-carbon steels), as 
does the temperature at which the maximum number 
of twists takes place. This means that as the carbon 
content increases the ductility falls off rapidly with 
increase in temperature. 


Manganese 

It is well recognized that manganese is essential 
in steels to reduce the red-short effect of sulphur. 
In general, it improves the forgeability of carbon 
steels as shown in fig. 8. However, in evaluating 
the influence of manganese it is important that the 
sulphur content of heats under comparison be as 
close as possible. This is essential because if the 
amount of sulphur in one heat is lower than in the 
other, less manganese will be utilized in neutralizing 
the adverse effect of sulphur and, therefore, its hot- 
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7 Effect of carbon on hot-workability of straight carbon 
steels (H. K. Thrig 


Composition, 
l 2 3 4 5 
i 0-04 0-26 0-45 0-76 0: 96 
Mn 0 26 0.49 0-84 0-84 | 
Si 0.003 0-19 0-08 0-20 0-31 
s 0.024 0-0% 0 042 0. 035 0-045 
P 0 004 0-014 0.026 0-016 0-019 


workability will be comparable to that of the heat 
with higher manganese content. 

Fig. 8 also shows that 12°,, manganese austenitic 
steel has very low hot-workability. This is not 
surprising, in view of the fact that the maximum 
number of twists to fracture of ferritic steels is 
greater than that of the austenitic material. 

Studies of the effect of manganese on stainless 
steels of the types 304 and 321 have indicated that 
manganese above 0: 40°, does not appear to improve 
the hot-workabiliry of these steels. The consensus 
of opinion is that nickel and manganese tend to have 
the same or additive effect, so that in lower nickel 
steels it would be expected that manganese would 
be more effective. However, in the case of 304 

18 Cr : 8 Ni) and 321 (18 Cr: 8 Ni 
stainless steel, the nickel content is already high, 
thus restraining the beneficial effect of manganese 
on the forgeability of these steels to a limit of about 
0-40°,. 


Sulphur 
It is well known that presence of sulphur in 
relatively large amounts adversely affects the hot- 
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8 Effect of manganese on hot workability of low-carbon 
teel (H. K. lhrig 
mmeposition, 
l 2 3 4q 5 

( 0-02 0-04 0:22 0-26 0-64 

Mn 0-005 0-26 0 45 1-05 12°88 

Si » O2 ) 003 0 - OR 0-23 0-85 

Ni -- ~ — 3-11 

Ss 0-026 0 024 0-021 0-028 0-032 
P 0.009 0-004 0-014 0-021 0-017 


workability of ferrous and non-ferrous materials. 
Fig. 9 shows that when the amount of sulphur was 
0-012°,, in steel (1), the number of twists to fracture 
at 2,100 F., and 2,350 F., was about 170 and 320, 
respectively. However, when the sulphur content 
increased to 0-116°.,, as in steel (3), the twists 
required for fracture were reduced to 70 and 110 at 
2,100 F. and 2,350 F., respectively. Steels (5) and 
6) in fig. 9 also indicate that although manganese is 
important to counteract red-shortness produced by 
sulphur, the steel containing 0-014°,, sulphur is 
apparently superior in terms of ductility at high 
temperatures. 

Fig. 10 further illustrates how the hot-working 
properties of low-carbon steels, with practically no 
manganese, are affected by the presence of even 
small amounts of sulphur. It will be noted that 
the maximum number of twists to fracture at 
2,000 F. for steel (1) with 0-002°,, sulphur is 440 
as compared with only 40 for a similar steel (2), but 
with twice as much sulphur, 7.e. 0-004° 
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9 Effect of sulphur on hot-workability of carbon steels 
H. K. lhrig 


aye 2 3 4 5 

SAE 1020 SAE 1335 
( 0-22 0-22 0-24 0:24 0% 033 
Mn 0-45 0-48 0:46 0 44 1-74 1-62 
Si 0-08 0-08 0-08 0-08 0-27 0.20 
Ss 0-021 0-052 0116 01830 0-014) 0-12 
Pp ™ 0 014 _0 014 0 014 0-014 0-014 0 026 
*(1) Represents the original heat, ic. ladle analysis. Heats (2), (3) and 
4) represent resulphurized imgots of (1 


Regarding the effect of sulphur on straight 
chromium stainless steels, there is some evidence to 
indicate that in steels of the types 410 (11-50- 
13-50°,, Cr) and 416* (12~14°,, Cr), chromium has 
a tendency to reduce the undesirable effect of 
sulphur so as to make these types of steel easily hot- 
workable. It must, of course, be borne in mind 
that these steels are ferritic even at the forging 
temperature. 


Silicon 

The effect of silicon on the forgeability of low- 
carbon steel is reported to be negligible if the 
amount is within 0-20°,. Above about 1-00 
the hot-workability appears to fall appreciably, as 
illustrated in fig. 11. However, these results must 
be taken with caution, like most of the published 
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10 Effect of sulphur on the hot workability of low-carbon 
steel (C. T. Anderson et al 


‘ i 

Mn 0-003 0 004 0-001 
Si 0-115 0-004 0-001 
s 0-002 0-004 0-009 
P 0-004 0 002 0-003 


data on hot-twist tests, as the sulphur content of 
steels (3) and (4) is higher, and the amount of 
manganese lower, than in steels (1) and (2). Higher 
sulphur contents associated with relatively low 
manganese will have the added depressing effect on 
the forgeability of steels (3) and (4). Thus, it is 
difficult to determine whether the reduction in hot- 
ductility of steels (3) and (4) was due principally to 
high silicon content, or was a combined effect of 
high sulphur and high silicon. However, steel (4) 
with silicon as high as 1-20°., has certainly the 
lowest hot-workability in the temperature range of 
2,250 F. to 2,400'F. 

Regarding the effect of silicon on high-alloy 
steels, there is some evidence to show that in the 
case of austenitic stainless material of the types 302 
and 304 (18 Cr:8 Ni), the hot-workability is re- 
duced at higher temperatures if this element is 
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11. Effect of silicon on het-workability of low-carbon stee 
H. K. lhrig 
mp ’ 
l . 2 3 4 
sf or ee a » 12 0-11 0-068 0.070 
Mn 0-51 0-52 0-26 0-232 
Si 0. 06 0-20 0-26 1:20 
S 0-035 0-030 0-043 0-043 
p 0-010 0-022 0-031 0-009 
present in amounts greater than 0-5 This has 


been tentatively explained as due to the ferrite- 
forming tendency of silicon, which forms a duplex 
structure generally considered detrimental to the 
hot-workability of metals. 


Nickel 

Provided the nickel content is kept below 5°, it 
has, like manganese, a tendency to improve hot- 
twist characteristics of low-carbon steels, as shown 
in fig. 12. This figure shows that pure nickel 1s 
ductile at high temperatures, thus contributing 
favourably to the hot-working properties of steel. 
However, its presence in larger amounts seems to 
reduce the hot-workability as indicated by curve 
(4) in fig. 12. This reduction is attributed to the 
effect of nickel as a former of austenite. Curve (6 
shows the hot-working properties of Monel and how 
the addition of copper in large percentages has a 
depressing effect on the forgeability of nickel and 
nickel-alloys. 


Chromium and other alloying elements 
Chromium is an element which is present in 
small and large amounts in alloy steels. It is often 
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12 Effect of nicke n hot-twist characteristics of low- 
arbon steeé H. K. lhrig 
Composition 

l 2 3 4 5 6 
‘ 0-06 0-16 0-16 0-11 0-052 Mone 
Mr 0 26 0-57 0-51 0-47 0-49 
Si O45 0-24 0.18 0-01 0-13 
N 99.43 3-55 5-05 30:06 |43-50 67 Ni: 30°, Cu 
S 005 0-013 0-019 0-042) 0-008 (1 Mn 1 Fe 
p 0-013 0-019 


0-010 0 O11 

associated with nickel, molybdenum, and silicon. 
Its general effect (fig. 13) in low-carbon steels is to 
reduce hot-workability of the material. However, 
published data tend to indicate that where it is 
present in excess of about 9-0°., the hot-twist 
characteristics improve, especially above 2,300 F., 
as is borne out by curve (4), fig. 13. This effect, 
could be attributed to the formation of a homo- 
geneous ferrite matrix instead of a two-phase 
structure. 

In straight high-chromium stainless steels the 
hot-workability decreases' with higher carbon 
content. On the other hand, in 188 nickel- 
chromium steels the low carbon material shows 
poorer hot-workability than does the material 
containing 0-07 and 0-08", carbon. Although this 
behaviour has been attributed to the formation of 
delta iron in the lower carbon stainless steels it is 
questionable whether the difference in the hot- 
twist characteristics of these steels is due to the 
variation in carbon content, or is due to the normal 
spread of heats as already indicated 
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13. Effect of chromium on hot workability of carbon steels 
H. K. Thrig 
Composition, 


l 2 3 4 





( 0-21 0-11 0-11 0-07 
Mn 0-43 )- 47 0-3 0-41 
Si 0-23 0-3 0-69 0-38 
Cr 0-70 2 86 7-02 15-60 
M — 0-49 0-55 0-025 
Ss 0-026 0-009 0-014 0-013 
P 0-O18 0-013 0-016 0-O18 


It has been reported that in alloy steels, the alloy 
content of a given material, as well as its carbon 
content, influences the apparent hot-workability, 
and that the alloy content is of even greater signifi- 
cance in steels containing | -00°,, or more of carbon. 
This is demonstrated in fig. 14, which shows how 
the forgeability is depressed in high-carbon steels 
by the addition of elements such as molybdenum, 
tungsten, and chromium. Fig. 15 further illustrates 
the effect of molybdenum in low-carbon steels of 
the composition SAE 1015. It shows that steels 
of the same carbon content but without molybdenum 
are superior in terms of hot-ductility. In the case 
of 18/8 stainless steels, the effect of molybdenum is 
also to lower the hot-workability as shown in curves 

4) and (5), figure 15. It is believed that molyb- 
denum, which is a ferrite-forming element, gives 
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14. Effect of alloying elements on hot-workability of stee 
containing over 1°,, C (C. L. Clark 
t WMMAPOSIL I ", 

l 2 3 ‘ 
« 1-02 1°03 1-49 1-45 
Mn 0-31 0-44 0:40 0.37 
Si 0-3 0-32 0-72 0:66 
Cr 0: ww 0:37 0-12 0-098 
Ni 0-09 0-12 0-17 0-13 
Mo 0-03 0-03 0-25 0-54 
¥ - 3-03 
S 0-018 0-012 0-017 0-015 
P 0 O15 0-014 0-014 0-023 


rise to a second phase, thus lowering the hot- 
workability of this type of steel. 

The hot-twist characteristics of various grades of 
austenitic stainless steel show that marked dif- 
ferences exist in the hot-workability of these steels 
and that the addition of stabilizing elements such as 
titanium or columbium appears to decrease both 
the temperature of maximum twist and the number 
of twists at this temperature. Similarly, increasing 
the chromium and nickel contents, as in 25 Cr : 
12 Ni and 25 Cr : 20 Ni steel, lowers the number of 
revolutions required for fracture. Furthermore, 
the forgeability of 18 Cr : 8 Ni steel is considerably 
lowered by the presence of a higher percentage of 
sulphur. 


Lead, tin, and nitrogen 

Lead, like sulphur, has been used in recent years 
to improve the machinability of steels. Nitrogen 
has been employed as an alloying element in 
chromium steels to stabilize austenite at normal 
temperatures. It is also found as an impurity in all 
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commercial steels. In straight carbon and low- 
alloy steels, the amounts normally present are small 
and not harmful to the hot-workability. However, 
in the high chromium steels the ductility is adversely 
affected at high temperatures with increase in 
nitrogen content. Tin is not used as an alloying 
element but is often found in modern steels as an 
impurity. 

The effect of these elements on the hot-working 
properties of steel is not favourable. They seem 
to have a depressing effect as shown in fig. 16 and 
17. For reasons of comparison, heats with low and 
high sulphur are also included in fig. 17. It will be 
seen that the effects of tin and lead are very similar 
to that of sulphur, the curves (2) and (4) being 
fairly close to the high-sulphur steel curve (6). 

It has been reported that oxygen, phosphorus, 
cobalt, vanadium and titanium individually have 
little, if any, effect on the hot-forgeability of steels, 
provided they are present in normal amounts. It 


will be of interest to determine the effects of 


vanadium in quantities of about 1°,,. For instance 
iow carbon steels with phosphorus content varying 
between 0-013°,, and 0-025°,, show little dif- 
ference in their hot-workability curves. On the 
other hand, steels with even small differences in 
sulphur content have markedly different hot-twist 
characteristics, as shown in figs. 9 and 10. 


Summary and conclusions 

Nearly all conventional mechanical testing pr 
cedures have been tried by one or more investigators 
to determine metal characteristics which comprise 
hot-workability or forgeability. These attempts 
have met with varying degrees of success. 

There appears to be a definite lack of a simple 
forgeability test which would rate materials in much 
the same manner as does the tension or the fatigue 
test. 

In recent years the hot-twist test, in which the 
predominating stresses are in shear, has been 
accepted as the best technique for measuring the 
hot-working properties of steels at different 
temperatures. 

The method consists in twisting test specimens 
at a series of controlled temperatures; the tem- 
perature that allows the maximum number of turns 
before failure is taken as the most suitable tempera- 
ture for hot-working. 

It has been found that the maximum number of 
twists to fracture occurs at the temperature that has 
been known in practice to be best, or optimum, for 
the rotary piercing of steel rounds or billets in the 
production of seamless tubings. The optimum 
temperature also appears to be a satisfactory 
temperature to use in assessing the forgeability of 
steels. 

The hot-twist test data so far published have 
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15 Effect of molybdenum on hot-workability of low- 
bon and nickel-chromium steels (H. K. Thrig 
Composition, 








l 2 3 (4 5 

0-13 0-14 0-12 0-074 0-022 

0-47 0-42 0-48 1°37 1-60 

0-03 0-31 0-23 0-50 0-32 

- - _— 18°59 18-08 

—- — _ 10-44 11-40 

0 46 0-53 _— 23% 
S 0-028 0-020 0-025 0-013 0-0107 
0.013 0-016 0-016 0-017 0-015 


been mostly on steels of various compositions, no 
attempt having been made to apply this test to non- 
ferrous material. 


It is not feasible to assess the relation of the 
available results from hot-twist tests with practical 
shop experience in various hot-working operations, 
some of which are less severe than others. It is, 
therefore, essential that due consideration should be 
given in correlating the published data with the 
particular type of hot-working process involved. 

In certain operations, such as piercing, for 
instance, the temperature rises during processing 
and in such cases adjustment of the operating 
temperature is necessary so that after the tempera- 
ture rise the maximum or optimum temperature 
does not exceed the temperature of maximum twist 
to fracture. 


One of the most significant and discouraging 
aspects of the hot-twist test is that, whereas the 








re 


1g 
he 


march, 1959 113 





MBER OF TWISTS TO FAIL 

\ 

a 
yi . 
/ 


4 


23 a4 


4 
7 
ae 
= 





16 Effect of mitrogen on hot-workability of straight 
chromium steels cf types 430 and 446 (H. K. lhrig 


Composition, 


AISI Type 430 AISI Type 446 





l 2 3 4 5 
( 0.08 0-09 0-11 0-10 0-10 
Mn 0 44 0-43 0-34 0-42 0-48 
Si 0-3 0-38 0-35 0:43 0-38 
Cr 15-86 15-09 15-60 27-12 26 44 
Ss 0-018 0-013 0-018 0-010 0-012 
P 0 022 0-013 0-018 0-011 - 
N 0-016 0.029 0.0575 0-16 0.3% 


results on a single heat are reproducible, the same 
reproducibility is absent between different heats 
of the same class of steels. In other words, to 
determine the hot-workability of steels the test 
must be conducted on individual heats. 

The results of various investigators on the same 
type of material do not compare favourably, the 
forgeability-temperature curves obtained by one 
investigator being very different in shape from 
those of another. These variations, of course, may 
be minimized by closer control of (a) the rate of 
heating to, and time at, the forging temperature, 
and (b) the rate of strain. 

The variation in results from heat to heat appears 
to be more pronounced the higher the total alloy 
content of the steel. It is believed that this dif- 
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17 Effect of tin and lead on hot-workability of 0-20 to 
0-25°,, carbon steel 
Composition, 


l 2 3 4 5) 6 





Cc 0-20 0-20 0-26 0:26 0:22 0-24 
Mn 0-48 0-48 0-49 0-48 0-45 0 46 
Si 0-17 0-17 0-19 0-17 0-08 0-08 
s 0-031 0-031 0-030 0.037 0-021 0-116 
P 0-020 0 020 0-014 0-012 0-014 0-014 
Pb _ 0-13 - - ~ - 

Sn — — 0-002 0.2904 ~ a 


ference is a function of the material being tested 
rather than the test itself, which is generally ac- 
cepted as a very suitable laboratory tool for measur- 
ing the hot-working properties of metals. 

Most of the published results were obtained on 
rolled or forged material. It is, therefore, question- 
able whether these results could be comparable to 
those of the same material when in the as-cast or 
ingot condition. 

Since hot-working operations in steel processing 
begin initially on the ingot, it is important that a 
comparative study of the hot-twist characteristics 
of rolled or forged products versus similar cast 
materials should be undertaken in the future. 

Most of the published results have been obtained 
on straight round test bars (22 in. long by 4 in. dia. 
without having a reduced section in the centre. 
The results from such a test specimen have been 
criticized in certain quarters and have been con- 
sidered of little significance. 

In spite of the objectionable features of the test 
bar, the consensus of opinion is that the hot-twist 
test is valuable in evaluating approximately the hot- 
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working properties of steels at different tem- 
peratures. 

With regard to the speed of testing, it has been 
reported that as the rate of twisting increases, the 
number of revolutions to rupture increases. 

Although the size of the test bar does not seem 
to make a significant change in the number of 
twists to fracture, there is evidence to show that as 
the diameter of the specimen decreases from § in. 
to § in. the number of revolutions required for 
fracture increases. 

The microstructure of the steel does not give any 
definite indication as to whether it will forge well, 
except when it is possible to distinguish a duplex 
and single phase structure. 

The test does not appear to yield any useful in- 
formation about the effect of surface defects on the 
hot-working properties of steels, although it is 
known, in practice, that many hot-processing 
troubles are associated with defects of this kind 
This aspect appears to merit further work. 

A good deal of interesting work has been done to 
determine the influence of alloying elements on the 
hot-workability of steels. However, there appears 
to be a large scope for a systematic study of the 
effect of elements individually and in combinations 
on the hot-working properties of known and un- 
familiar steels. 

Briefly, the influence of alloying elements is as 
follows: 

1 Free-machining additions such as sulphur or 
selenium decrease both the temperature of maxi- 
mum twist and the number of twists at this tem- 
perature. In other words, these elements depress 
the hot-workability of steels. 

2 The effect of tin or lead is strikingly similar to 
that of sulphur. 

3 The strong carbide-forming elements such as 
titanium or columbium have a tendency to reduce 
the forgeability of the austenitic chromium-nickel 
steels at higher temperatures (above 2,300 F.). 

4 The ferrite-forming elements, e.g. silicon and 
molybdenum, adversely affect the hot-workability 
of steels, especially in austenitic chrome, nickel 
stainless steels at higher temperatures. The same 
adverse affect is increasingly seen in low-carbon 
steels if these elements are present in excess of about 
0- 20° 

5 Chromium produces a deleterious effect up to 
about 9°., in low-carbon steels, and above this 
amount it appears to improve the hot-workability, 
especially around 2,300 F. s 

6 Nickel and manganese, in general, improve the 
hot-workability of carbon steels. However, when 
these elements are present in large amounts the 
workability is affected by the formation of austenite. 
Hot-twist tests have clearly demonstrated that 
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manganese counteracts the red-short effect of sul- 
phur. 

7 Nitrogen has a marked depressing effect on the 
hot-working properties of higher chromium steels 
of the types 430 and 446, probably due to its 
austenite stabilizing tendencies. In carbon and 
low-alloy steels the amounts normally present are 
small, and these quantities do not affect the ductility 
at high temperatures. 

8 The effect of phosphorus, vanadium, cobalt, 
and oxygen is not precisely known. However, 
these elements, when present individually in small 
normal amounts, do not appear to have a significant 
effect on the hot-workability of steels. 

9 The austenitic steels, such as types 304 (18 
Cr :8 Ni) and 12°, Mn, show lower hot-work- 
ability than ferritic straight chromium steels of the 
type 410. Likewise, increasing the chromium and 
nickel contents, as in type 309 (25 Cr : 12 Ni) or 
310 (25 Cr: 20 Ni) steel, lowers the number of 
maximum twists to fracture, 1.e. hot-workability. 

10 The austenitic steels with ferrite-forming 
lements, such as titanium or molybdenum, or with 
nsufficient austenite-forming elements, such as 
nickel or manganese, tend to develop duplex 
structures which have the poorest hot-working 
properties. 

[he test appears to be a useful tool (a) to find the 
effect of composition and constitution on hot- 
workability; (b) indicate the best hot-working 
temperature for steel and how critical this tempera- 
ture is; and (c) to compare the hot-workability of a 
newly developed or unfamiliar steel with one whose 
hot-twist characteristics are already worked out, 
by comparing the optimum number of twists to 
rupture. 


Inert gas production 


Fuel gases of all kinds can form explosive mixtures with 
air. The pipes, tanks, gas holders and process vessels 
used in the manufacture or handling of fuel gases need 
to be emptied from time to time. Before air can be let 
in, fuel gas must be removed. This needs a suitable 
inert purge gas. For example, after a catalytic refining 
process has been carried out for a time, the catalyst 
promoting the process needs cleaning. Before this can 
be done, fuel must be purged out of the plant. When 
the plant is again ready to be put on stream, the system 
must be purged with inert gas to ensure the removal of 
all traces of oxygen in each case, to avoid the possibility 
of explosion. 


In connection with needs of this kind, the Dryer and 
Gas Plant Division of Birlec Ltd. is at present engaged in 
designing an inert gas generator with a capacity of 
200,000 cu.ft. h. In the design, air mixed with propane 
is deliberately ignited within an enclosed cylinder, and 
the tnert gases generated by the combustion are collected 
and employed in the purging process. Development 


work on inert gas generator design is at present being 
carried out to establish the optimum sizes of burner for 
a wide range of generator capacities 
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Aluminium structures for atomic energy 


OVER THE LAST EIGHTEEN MONTHS there has been 
evidence of many companies, whose sole preoccu- 
pation before was the production of aircraft, looking 
to other kinds of work to absorb their surplus 
productive capacity. For the past ten years the 
Fairey Aviation Co. Ltd. has been involved in 
other kinds of work, and has thus been able to 
reorganize its capacity. 

At the Heaton Chapel (Stockport) works, 
specialized techniques for steel and aluminium 
fabrication and welding are practised, and produc- 
tion of aluminium fabrications has reached the 
figure of between 80 to 100 tons a month. 

A large proportion of the work for the past few 
years has been devoted to producing equipment 
for the Atomic Energy Authority, and recently, 
the Authority has relaxed its rules about describing 
this work and the parts being produced. Among 
the work for the Authority is a device called the 
‘S$ 250,’ which can be described as a large alu- 
minium shell consisting of six major fabrications 
fig. 1). Material for these is obtained from both 
Northern Aluminium and the British Aluminium 
Company. 

The devices have large domed ends, which are 
formed in six petal-sections, and which are first 
routed and formed on a hydraulic press and subse- 
quently welded together after tacking in a jig. 
These end-pieces have a central core, joined to the 
rest of the fabrication by web-like side-frames. 
Another part of the device is a motor mounting, a 
fabrication of some 18-19 cwt. which requires, 
apart from the segmented plate work, the rolling, 
welding, and hydraulic forming of conical rings 
and the forming and welding of very heavy section 
bars (fig. 2). The whole welded assembly was 
specially developed to replace and improve on the 
casting technique originally envisaged for this job. 


Welding 

These fabrications are welded into their cylin- 
drical housings resulting in a boiler-like structure 
some 10 ft. high and 12 ft. long. The total weight, 
although made from aluminium parts, is just over 
44 tons complete. The only steel used in the 
structure is in the supporting feet. 

A four-piece outlet forms a part of the device 
and this is formed on a rubber bolster press. The 
4,000-ton bolster press has as its most important 
feature 21 in. of rubber, which permits the forming 
of parts half of this depth, or approximately 10 in. 

Both the argon arc and argonaut techniques are 
employed, and 5-in. welds are now made as routine 
fig. 3). 





1 Three examiples of a device weighing 44 tons fabricated in 


aluminium 





2 Welded aluminium fabrication in AW5 Diameter 8 fr, 
6 in. and weight 18 cwt. The base is 1} in. rolled plate 





3 Typical weld on AW’ aluminium alloy 5} in. thick. It 
has high strength and is porous-free 
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With the argonaut technique, used mainly in the 
production of the $.250 device, the material used 
in the weld (N 6 wire alloy) is fed through the 
welding gun automatically from a store positioned 
above the operator. Three wire thicknesses are 
used, 4, in., } in. and 3, in., and these are fed 
at a rate of some 230 in. min. The welding guns 
are water-cooled (as are the cables of the welding 
unit). 

The 5-in. welds noted earlier are performed by 
the argonaut process. Many welders have been 
trained to the recognized standards by the company, 
and many are, therefore, now capable of producing 
such work. Hundreds of these 5-in. welds will be 
required before the particular job is completed. 


Because of the size of the parts under fabrication 
at the works, various manipulators, rotators, plate 
rolls and the like are required to handle the work 
for welding and for assembly. Many of these form 
part of the stock of equipment at Heaton Chapel, 
and this equipment also includes facilities for 
lifting up to 30 tons weight. There 1s also a large 
stress-relieving furnace installed. 


Work in steel 


Although this survey deals only with the fabri 
cation of aluminium structures, much work in steel 
and stainless steel is carried out at the Heaton 
Chapel works. This includes steel structures of up 
to 80 ft. length, such as the scanning gear for the 
original Windscale reactor, and the core of the 
Dounreay reactor (fig. 4). 





4 Gagging skirt for the Dounreay fast reactor made entire 
tn 18 8 1 stainless steel and weighing 30 ctot 
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NADES prize competition 


The National Association of Drop Forgers and 
Stampers is offering prizes for written papers under 
the general title of Production and Processing of 
Forgings. Three prizes will be awarded with 
a maximum first prize of £50, the amount being 
dependent upon the merit of the paper submitted. 

In order to save unnecessary work on unsuitable 
subjects, participants should send to the Technical 
Officer of the Association, 245 Grove Lane, Hands- 


worth, Birmingham 20, the title and a very brief 


synopsis of the subject matter of the proposed 
paper and they will be advised as to its suitability. 
Papers will be judged in the first place by a sub- 
committee or other nominee of the Association, 
final evaluation, if necessary, being undertaken by 
independent authorities. 
The closing date for MSS. is September 1, 1959. 


RULES GOVERNING COMPETITION 

Ihe competition is open to all Members and Associate 
Members of the Nationa! Association of Drop 
Forgers and Stampers 

The competition shall be restricted to persons 
resident in Great Britain and Associate Members 
of the Association 

[he competition shall be open to anybody who can 
contribute on a subject applicable to the drop 
torging industry 

+. No officer of the Association shal! be eligible to submit 

an entry for this competition 

No member of the Technical Committee or the 


echnical Publications Sub-Committee of the 
Association shall be eligible 
Ihe copyright of all papers accepted for an award 


shall be vested in the Association 
Papers submitted for consideration of award cannot 
be published without the written permission of 
the Association 
[he manner and means of publication of any paper 
submitted shall be left to the discretion of the 
Association 
In all matters relating to this competition the decision 
of the Association shall be final 
I Association will award prizes according to merit 
of the material submitted up to a maximum value 
of £50 for the first prize 
It shall be understood that entry for consideration 
for an award is made with the knowledge of the 
appropriate official of the competitor’s company 
and that submission of the paper implies permission 
by that company to the Association to publish as 
t sees hit 
Co-authors of suitable papers are permissible, but the 
joint names must be shown 
Students of technical colleges must submit, with their 
ntry, a signature to the effect that the paper is, 
in the main, their own work 
14. The paper submitted must be not less than 3,000 
words in length and, it is recommended, should 
not exceed 5,000 words 
5. Any abstract or photographs used from published 
literature must be indicated and acknowledged in 
the usual way 
16. No paper previously published or read is eligible for 
entry in this competition 
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THE DESIGN of steel floor framework for large 
buildings involves many routine calculations which 
normally absorb a major part of the time of a 
design-office staff. Now, at the United Steel 
Structural Co. Ltd., Scunthorpe, the work can 
be carried out by computer 50 times as fast. With 
the aid of the PEGASUS electronic computer, in 
Sheffield, the detailed design calculations for a 
power-station floor structure, for example, recently 
took only two hours of computer time, whereas 
a design engineer would have taken several weeks 
to complete a similar task. 

The design of floor structures was selected as 
a suitable task for the PEGASUS computer when 
investigations into the possibility of speeding up 
the work of steelwork design were started a year 
ago. Now that floor design can be completed 
so much faster, the time required to prepare final 
estimates has been correspondingly reduced. 

Many large buildings today have precast, rein- 
forced concrete floors, supported on a steel frame- 
work. Working from the architects’ plans for the 
building, the structural engineer has to select the 
lightest and most economical section for each beam 
in the framework from among the standard steel 
sections which are available to him. This entails 
four different sets of stress calculations for each 
beam; if a section is not satisfactory by all four 
tests, then the next size larger is investigated until 
one is found to meet the conditions. A similar 
process is repeated for every beam in the structure. 
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I Jesign information for a steel floor structure beime fed int 


the PEGASUS electrome computer 


Devising a computer programme 

Although involving much routine work, accuracy 
is of paramount importance in these calculations 
and they cannot therefore be left safely to junior 
staff. The main problem in adapting the work to 
automatic Computation lay in devising a computer 
programme which would translate the geometry of 
the design—the positions of all walls, points loads 
and supporting columns, and the positions and 
amounts of distributed loads—into a numerical 
form that completely described a structure. A 
computer can only accept numerical (or digital 
information, and it is only as numbers and letters 
that this information can be easily transcribed to 
teleprinter tape. 

This difficulty was overcome partly by employing 
a reference grid, with two co-ordinates to describe 
each point of interest in the floor. 

Conversion of a floor plan into numerical form 
is a matter of simple routine, the data being trans- 
cribed to paper tape by a typist using a teleprinter 
This punched tape provides a complete description 
of the floor framework to be designed, code letters 
indicating to the computer the meanings to be 
attached to the various groups of information 
The programme examines and sorts this data into 
its grid form, apportions the floor loadings to the 
appropriate beams, and then proceeds to calculate 
the beams required. As soon as any one beam 
has been designed, the results are immediately 


continued on page 120 
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Indentation 
hardness 


Fundamentals of indentation hardness testing, the 
relationship between the resuits of hardness tests and 
other mechanical properties and the suitability of the 
material as a bearing metal were discussed by Dr. 
Ing. N. Mdkelt, Solingen, in ‘ Werkstatt und Betrteb,’ 


1957, (7), on which the following account ts based 


HARDNESS TESTING is probably the most widely 
applied method for rapid non-destructive examina 
tions of metals by the manufacturers. Among the 
many variants two main groups can be distin- 
guished: (i) methods where resistance to indentation 
by a given test body into the surface of the material, 
1.e. the indentation force divided by the indentation 
area, can be determined (Brinell, Vickers) and 
ii) methods where the imdentation depth under 
a given ultimate test strength, /.e. the indentation 
deformation, is regarded as the hardness value 
Rockwell). 


A combination of the two methods 1s in principle 
possible since, when testing with a body of an 
unchanging geometrical shape (sphere, cone, pyra- 
mid), the indentation area can be established not 
only from its diameter or diagonal, but also from 
the indentation depth. Among the usual test 
bodies the diamond pyramid (Vickers) with an 
area angle of x — 136 at its apex* has the advantage 
that here the indentation depth, and consequently 
the indentation area, grow in proportion to the load, 
the resistance to indentation thus remaining 
independent. Apart from that, the indentation 
area, owing to its sharply defined diagonals, is 
marked more clearly than would be the case with 
an indentation by a ball or a cone, and can therefore 
be measured more accurately 

The Vickers testing methods, as is known, relate 
the indentation force P to the indentation area O, 
i.e. the pyramid mantle. This can be calculated 
in mm. as follows by means of the indentation 
diagonal EF: 


*According to Prof. Dr.-Eng.habil. H. Mintrop, 


P.T.B. Braunschweig, the area angle of x 136° at the 
apex of the Vickers diamond pyramid was chosen in 
view of the ideal Brinell indentation with a spherical 
diameter D, whose indentation cup with a diameter 
d 0-375 D (as the mean between 0-25 D and 0:'5 D 
is enclosed by a pyramid indentation of 136° (pyramid 
base area equals diameter of indentation cup 
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so that the Vickers hardness can simply be given as: 


P 
Hy, 1,854 — [kg. mm.*]. 


Since the Brinell hardness (Hg) also uses the 
indentation area (in this instance the indentation 
cup), both resistances to the indentations largely 
coincide, in actual fact up to about a hardness figure 
of 400 kg. mm.” 


Between the indentation resistance and the 
ultimate tensile strength a relationship of: 
Cp c H [kg. mm.?] 





ve". = FP 
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has been established; here the factor c 0-36 
gives sufficiently accurate results with carbon steels. 
For non-ferrous metals we have other factors (7.e. 
0-4 for cold-drawn copper, brass, as well as bronze 
and certain light-metal alloys), but they are more 
or less uncertain. This already shows that the 
possibilities for comparing different materials are 
limited when applying the usual hardness testing 
methods. This is particularly the case if one 
includes in the observations non-metals, 1.e. 
synthetic materials. 


Investigations by Kuntze 


The problems arising here have already been the 
subject of a detailed study by W. Kuntze under- 
taken some time ago.' He proves that the hardness 
tests according to Brinell or Vickers, where the 
indentations are removed only after unloading, are 
usually identical to direct tests carried out under 
load. These testing methods thus take into account 
the entire deformation, i.e. the sum total of the 
elastic and permanent indentations. Since these, 
however, vary in degree, such tests do not alone 
suffice for a comparative appraisal and evaluation 
of different work materials. With steel, for example, 
the elastic share of the total deformation is only 
small, whereas in the case of rubber it amounts to 
practically its total extent. 

Kuntze has put forward the suggestion which, 
however, has not received due attention in so far 
as hardness testing is concerned, to eliminate one 
of the two shares, i.e. the elastic one, by means of 
an additional test. He proves that in contrast to 
the indentation diameters and the indentation 
diagonals the indentation depth under load and 
after unloading is markedly different. In the 
latter case there remains a permanent indentation 
depth f,em which, compared with the total depth f¢ 0+, 
has been reduced by the elastic reformation. By 
measuring both depths it is possible to calculate 
the two different indentation areas on the same 
test material. If each time, the given test load is 
divided by one of the areas, two hardness figures, 
Atot and hyem, are arrived at, of which the first, 
under load, corresponds to the usual indentation 
resistance in kg..mm.? Kuntze therefore quite 
correctly does not base this on the indentation area 
O but, as is usual in engineering, on its projection F 
(surface area) and, incidentally, names the second 
value hyem, obtained after unloading, ‘ indentation 
hardness ’ in kg., i.e. as that load which in theory 
would cause a permanent indentation of 1 mm.’ 
of surface area. 

When using the diamond pyramid (Vickers 
method) as testing body, the indentation on the 
work material, the surface of which should naturally 
be as smooth and as even as possible, may be 
represented as in fig. 1: « is the indentation under 
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load with indentation depth f+»; and the diagonals 
E:or; its surface area can be calculated as follows: 


E* rot 





x 
Frot 4tg* - 
2 2 


- 


- Prot [mm.?]. 


After unloading, the elastic re-formation ¢ creates 
the permanent indentation 6 with the depth fem. 
The diagonals, however, do not, as a rule, contract, 
unless one is dealing with hardened steel. The 
impressed edges of the pyramid assume a curved 
shape, whilst the sides of the surface area become 
warped and cause arim. If the permanent indenta- 
tion is brought into contact with the test body, 
one can deduce from the latter’s intersection in 
the original surface of the work material a theoretical 
diagonal E;, and a corresponding area F;>p. 

In practice a small initial load P,, is necessary for 
the contact of the test body with the permanent 
indentation and for the gauging of the depth f,em, 
which is first made possible at all through the 
contact; this initial load must, according to Kuntze, 
not exceed a hundredth part of the main load 
(P, 0-01 FP). Further, it is essential, when 
gauging depth ¢ to take into account an error 1’ 
caused by the additional indentation of the pyramid 
tip (apex) under the initial load, as well as an 
error r’”’ caused by a certain blunting of the tip, 
so that the indentation base generally is as follows: 


a 
F 4m? - -(¢ + 2" 
2 


Kuntze has established that both errors can be 
expressed by: 


r’”’? [mm.’}. 


P, 
n+” 





“2 0,01 ¢ 
P-P, 


(when P, = 0,01 P) 
For the hardness figures we then have the following 
equation: 


P P C 
h — [kg.’mm.*}. 
F x ? 
4w*-- 1,01? - # 
2 





The load P = 20 kg. has been found adequate as 
a testing load unit (main load) of the diamond 
pyramid « 136° as applied to various work 
materials, so that in this case the constant C equals 
0-8. Thus, according to Kuntze, the resistance to 
indentation is: 
Cc 
Riot — [kg./mm.’] 


leot 
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and what he calls indentation hardness is: 
C 


Brom — 
trem 

{kg. for 1 mm.? of permanent indentation] 
Between the usual Vickers hardness and the 


indentation resistance there exists—in practice 
actually only up to about Hy 250 kg. mm.?— 
the equation 

Hy F 

a 0,927 _ 

hot O 


which expresses the relationship of the pyramid 
indentation base to the indentation surface. Corres- 
pondingly, in order to determine the tensile strength 


of cp = c’ » Atos (kg. mm.*] one has to reckon with 
a factor c’ 0-334 when dealing with carbon 
steels. 


Tests carried out with 20 different materials 
have shown that useful results can thus be obtained. 
The tests were made with apparatus adapted to 
the test loads and equipped with a dial gauge for 
the gauging of the depth. The indentation hard- 
ness was measured simultaneously. Loading time 
was, in view of tests on artificial materials, 1 min. 
throughout. 

It then seemed the obvious thing to establish the 
relationship between the indentation hardness and 
other properties of the work material, for example 
the permanent elongation after rupture, since the 
indentation hardnesses, too, were deduced from 
a permanent deformation. A curve derived from 
the relationship between the average elongation 4, 
and the average indentation hardness h,¢» of the 
tested and examined steel gave approximately the 
following equation: 

E 
R= -—l%) 
hy om 


Here again we have the proportionality factor c’ 
0-334, whilst the elasticity modulus of steel E 
equals 20,000 kg. mm.*. Generally speaking, the 
lower the indentation hardness, 1.e. the greater the 
permanent indentation depth, the higher the stress 
of the material. 

For non-hardened steel where A,-¢,, according to 
the above equation, roughly equals 500 kg., this 
relationship has produced adequately useful results ; 
for non-ferrous metals, however, no such relation- 
ships have been found. 


Bearing materials 

But indentation hardness permits other com- 
parisons between the properties of certain materials. 
For example, the force per unit area withstood by 
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plain journal bearings under identical working con- 
ditions is to some extent dependent on the flexibility 
of the bearing material in regard to the shaft. The 
relative hardnesses of the material of the bearing 
and that of the shaft are here of major importance, 
and it follows that, in order to assess the bearing 
material, its indentation hardness, too, is of 
importance. 

For example, the pairing of an St 50.11 steel 
shaft with a cast-iron bearing is not expedient, 
since both the indentation resistance and indentation 
hardness of pearlitic cast iron are considerably 
higher than those of steel. Yet it is particularly 
important that the bearing material should be more 
flexible, i.e. softer, than the shaft which is to be 
protected from abrasion. Apart from other specific 
frictional properties, this requirement will more 
easily be met, the smaller—within certain limits— 
the relationships of the indentation resistance and 
indentation hardness of the bearing material to 
those of the shaft material. This hardness relation- 
ship must be at least 1: 2; in some cases a relation- 
ship of 1: 4 and up to |: 5 is even more favourable. 

If, however, as in the case of plastic compounds 
DIN 7705, the indentation hardness—as with cast 
iron—exceeds that of the shaft material, the results 
are poor running properties and pitting of the 
bearing because the material is not sufficiently 
adaptable. The indentation hardness no doubt 
also plays an important role in all processes of 
direct sealing (occlusion), since it represents 
a measure of the vulnerability of the surface of the 
bearing material. 


Reference 


1) W. Kuntze, * Eindruckhaerte-Untersuchungen an Kunststoffen,’ 
Kunststoffe, 1940, 30 (H. 11), 323-336. 


Computers in design 
concluded from page 117 


punched out on paper tape for transmission to 
Shefheld by teleprinter, while the computer is 
working on the next beam. 

Apart from releasing skilled men for more 
creative duties, the use of a computer in steelwork 
design offers interesting possibilities for the future. 
Because of the high speed of its operation, more 
elaborate stress calculations than normal are 
feasible, thereby paving the way to economies in 
construction. 

In many cases, too, considerable economies may be 
effected in structural design, provided that sufficient 
time is allowed in the analysis stage for alternative 
structures to be considered. Such a course of 


action is rarely possible under the normal methods 
of manual computation. 
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Some of the 1958 activities of the General Electric Co. Ltd., 
of interest in the metallurgical field, are briefly described in 
the following account 

MUCH WORK AND RESEARCH has been carried out by 
G.E.C. for nuclear power stations, as, for example, work 
in the following laboratories. 


Mechanical-engineeiing laboratory. Work on pressure 
seals for the gas-circulator drive shafts and on bearings 
has continued. In addition to the programme of life 
tests on non-lubricated bearings, tests are now being 
carried out on sealed roller bearings containing special 
lubricants developed by the oil industry for use 
in nuclear reactors. A similar project involves tests on 
various kinds of dry-running gears. 


One of the most impressive pieces of apparatus in this 
laboratory is a 1 20-scale model of a power reactor of the 
type being built at Hunterston. This model is used to 
carry Out investigations concerning the flow of coolant 
gas within the reactor 

Another model tested has been that of one of the right- 
angle bends of the main gas duct. A 3-ton tensile testing 
machine was installed to load the model; measurement 
of the strains produced enabled the theoretical analysis of 
the stresses to be checked. 


One of the vital aspects of a nuclear power station is 
the quality of the large amount of welding involved, and 
considerable attention is being given to this by a special 
welding group at Erith. A separate welding bay in the 
mechanical-engineering laboratory forms the centre of 
operations for this group, which is equipped to perform 
any type of hand-welding operation, and also experiments 
with a number of semi-automatic processes 

Heat transfer laboratory. The two air rigs and 
the pressurized rig for experiments on fuel-element heat 
transfer have been in full operation during the year. 
Work on the fuel-element design for the Hunterston 
reactors was completed and some aspects of the design 
revealed for the first time. New types of fuel element, 
suitable for operation in the higher temperature con- 
ditions of later types of reactor, are now being actively 
investigated. 


The joint work on graphite has led to the development 
of impregnated forms having permeabilities up to a 
million times less than that of ordinary reactor-grade 
graphite and has considerably added to the possibility of 
using graphite as a fuel-canning material. To this end 
a completely impermeable graphite which behaves to gas 
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Two-stand temper mill at the Port Kembla works of 


the Australian Iron & Steel Co. Ltd. for which G.B.C 
supplied the drives 


G.E.C. activities 
in 1958 


like a metal has been produced also. Both the reduced 
permeability and the completely impermeable graphite 
should have other important uses outside the reactor 
field. 


Steel plant 


Modernization of the hot strip mill of John Summers 
& Sons Ltd., Shotton, is nearing completion. The 
programme includes conversion of the existing five-stand 
finishing mill to a seven-stand mill, and an increase in 
the power of the existing stands 3, 4 and 5 from 3,000 
to 4,000 h.p. 


In the two-high reversing slabbing mill, G.E.C. con- 
tracts have covered the drives for the roller tables and 
the automatic control of the screwdowns. The roller 
tables are arranged in three sections, the supply for each 
being provided by a 400-kW. d.c. generator controlled 
by a Ward Leonard system working in conjunction with 
a control exciter. The system gives an accurate speed 
tie with the mill and overriding current control during 
acceleration and retardation 


An important advance is in the automatic screwdown 
control equipment, which enables the operator to follow 
a pre-set pass schedule of roll settings by simply pressing 
a button at the end of each pass. 

The electrical equipment for two hot-strip coiler 
equipments has been supplied to Richard Thomas & 
Baldwins Ltd. at Ebbw Vale Works. Each coiler mandrel 
is driven by a 300-h.p. motor and its associated pinch- 
rolls by a 75-h.p. motor; the power supplies for these 
motors are provided by generators rated at 350 kW. and 
125 kW. respectively. Each coiler mandrel also has six 
wrapper motors of 14 h.p. each. G.E.C. control exciter 
sets are used to regulate the speed and tension of the 
coilers, and control is effected from a desk and instrument 
panel mounted in a pulpit. A hot coiler installation of 
similar design has also been supplied to John Summers 
& Sons Ltd. 


An equipment for a cold strip temper mill has been 
supplied for the Australian Iron & Steel Company, and 
the plant is now in commission. Also recently com- 
missioned by the same customer is an ingot-car drive of 
the modern winch type. 


Switchgear. Special control panels for machine tools 
have been developed, including a panel made to the 
requirements of the Birmingham Small Arms Company 
for the control of a three-speed reversible-drive motor 
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and cooling pump motor, and a panel for the control 
of a jig-boring machine for the Coventry Gauge & 
Tool Company. 


Automatic machine-tool control. Important development 
has been in progress in conjunction with the G.E.C. 
Research Laboratories at Wembley on an automatic 
programme control for a Wiedemann turret press used 
in the G.E.C. Switchgear Works at Witton. The press 
is employed for punching out sheet steel panels, complete 
with all necessary apertures for the manufacture of 
indoor switchgear cubicles. The control system makes 
use of teleprinter punched tapes; the tapes initiate elec- 
trical impulses which, when passed through telephone 
relays, translate the instructions into machine movements. 


For many years machines of this class have been 
operated manually and the decision to develop an auto- 
matic control scheme was influenced by the fact that 
operators assigned to it rapidly tire from the strain of 
continually watching the scales which indicate the position 
of the plate. 


The system has now been working with entire satis- 
faction for some weeks and the desired accuracy has been 
achieved. Use of tape programming enables frequently- 
used patterns of panel cut-outs each to be programmed 
on a‘ library’ tape which can be readily reproduced and 
inserted into a plate programme tape; this has been 
instrumental in saving much office time. Besides result- 
ing in improved accuracy of the finished product, the 
automatic control has reduced the average time for 
punching a plate by about a third—a most satisfactory 
result. 


Heat treatment 


Electric furnaces. As a result of an agreement made 
with the Société Ugine-Infra of France, furnaces of 
G.E.C. design have been supplied to a number of firms 
on the Continent. These furnaces include two batch- 
type gas-carburizing furnaces, one using the drip-feed 
technique; one 100-kW. vertical cylindrical furnace for 
Nicrobrazing Nimonic alloy, and a 175-kW. rotary hearth 
furnace. This furnace allows the complete hardening 
process, including cooling and quenching, to be com- 
pleted without exposing the charge to the air. 


A compact, standard laboratory vacuum furnace has 
been supplied to Rolls-Royce Ltd. Although the working 
dimensions of this furnace are only 3 in. in diameter 
and 6 in. in height, it is rated at 15 kW. and can operate 
at temperatures up to 1,800 C. with a vacuum of 10-° mm. 
of mercury. The furnace tank is so positioned that 
vertical pressure can be applied to a hot charge. 


Two vacuum furnaces supplied to the G.E.C. Rectifier 
Works at Witton have a graphite element assembly 
providing heat-treatment temperatures up to 1,200 C. 
and are fitted with radiation screens of stainless steel and 
molybdenum. 


High-frequency heating. A new continuously rated 
25-kW. dielectric heater has been introduced. This, 
though of only the same frame size as the 18-kW. heater 
introduced last year and occupying less than 11 sq. ft. of 
floor space, will withstand constant use in exacting con- 
ditions with the utmost reliability. It operates at a 
frequency of 20 Mc.'s. 


Success in meeting the demand for versatility and 
simplicity has been demonstrated by the twin work 
station sets available in both 7 kW. and 18 kW. sizes. 
The twin station sets are fitted with two output work 
coils which are energized alternately. 


One of these heaters has been installed at the Coldair 
factory for hardening the entire surface of refrigerator 
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compressor shafts in one operation. In this case, the 
heater has been fitted with automatic handling gear, 
including a vertical hopper feed and pusher bar to move 
the compressor shafts into the coil and subsequently 
into an oil quench tank. The heating time is 24 min. 
and the production rate of hardened shafts is 24 per hour. 


Argon-arc welding 


The process of sheathing cables by the argon-arc 
welding of aluminium strip is now fully established in 
production, and amongst the recent orders which Pirelli- 
General have undertaken for British Railways are 50-60 
miles of aluminium sheathed signal and communication 
cables for the Eastern Region, Colchester to Clacton 
electrification scheme, and 18 miles of 3 x 0-1 sq. in. 
oil-filled feeder and pilot and supervisory cables 
for the Southern Region on the East Kent electrification 
scheme. 

The argon-arc welding process has also been applied 
to a wider range of materials, including the manufacture 
of copper sheath having a wall thickness of 0-010 in. 
and welded at speeds of 30-40 ft.min. A_ special 
machine installed at Pirelli-General for the joining of 
copper strip for coaxial cable conductors has effected a 
considerable reduction in cost of materials. The joining 
process has been developed whereby spot welds are made 
by an argon-arc struck for a precise length of time. 


Silicon production in Britain 


Imperial Chemical Industries Ltd. has brought into 
operation a large-scale development plant for the manu- 
facture of high-quality silicon of semi-conductor grade. 
This material, which costs over £100 per pound, has 
become of commercial importance in the manufacture of 
semi-conductor devices such as transistors. 

The I.C.I. plant is operated by its General Chemicals 
Division on Merseyside. By the middle of this year 
capacity will approach 4,000 Ib. per annum. 

The use of silicon—a silvery-grey substance of metallic 
appearance—has developed greatly during the past ten 
years in the electronic field for the manufacture of semi- 
conductor devices for rectification and amplification. 
Such devices are much smaller and lighter than conven- 
tional radio valves and their life is likely to be much 
longer. Moreover, their power requirements in use are 
neligible. Examples of important applications are in 
rocket equipment, in electronic computing machines, and 
in smaller items of electrical equipment. 

Although compounds of silicon are the main con- 
stituents of the earth’s crust, the pure element required 
for semi-conductors is expensive. This is because of 
the extreme purity required—impurities of a few parts 
in one thousand million are sufficient to spoil the semi- 
conductor properties 

The production of pure silicon is, however, only one 
Stage in the manufacture of a semi-conductor device 
and at present the cost of the silicon is only a small part 
of the whole. The silicon in the device is in the form of 
a thin wafer cut from a single crystal of silicon. This 
crystal can be grown either by pulling from melted silicon 
contained in a quartz crucible or by a method called 
floating-zone refining, whereby a molten zone is moved 
through a solid bar of silicon. Silicon is normally required 
in lump form for crystal pulling and in rod form for 
zone refining. 

1.C.1. can supply silicon in either form. Lump silicon, 
p-type, of resistivity greater than 200 ohm cm., is now 
available in quantity. Silicon in rod form for zone 


refining, deposited direct from vapour and of exceptionally 
low boron content, is being produced in limited quantities 
in lengths of 24 in. and diameters up to 1 in. 
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NEWS 





New gallery at Science Museum 


THE NEW GALLERY, constructed at a cost of £60,000, 
occupies 3,500 sq. ft. instead of the 2,800 sq. ft. of the old 
iron and steel section. Exhibits have been drawn from 
the museum’s own collection or have been contributed 
by makers and users of steel. More than 250 exhibits 
are included, ranging from a slice of meteoric iron to 
a large modern alloy-steel turbine rotor 


Starting at one end of the gallery, one finds the history 
of ironmaking, with dioramas of primitive and early 
ironmaking, and exhibits of the manufacture of wrought 
iron. Opposite there is a complementary section on the 
history of steelmaking, with examples of pre-Bessemer 
steels centred around a Bessemer converter of 1865 
which a company in Barrow has donated to the gallery 


Another major section of the gallery covers modern 
steelmaking, and includes a full-scale representation of 
part of an open-hearth furnace and a model of continuous 
casting plant. 


Passing on through sections depicting the mest impor- 
tant processes by which steel is ‘worked’ or shaped, 
one reaches the final part of the gallery-—the steel age 
Here, there are exhibits on research and metallurgy and 
others to illustrate the importance of iron and steel in 
the world today 


Japan’s first nuclear power station 


The General Electric Co. Ltd., of England, has been 
selected to negotiate a contract for the building of Japan’s 
first nuclear power station at Tokai Mura, 65 miles 
north-east of Tokyo. The design submitted by G.E.C. 
in collaboration with Simon-Carves Ltd. has been 
approved by the Japan Atomic Power Co. and will form 
the basis for the negotiations. It is hoped that the 
details of the contract, the total value of which will be 
about £30 million, will be finalized later this year. 
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A new tron and steel gallery 

was opened recently by Lord Mills, 
Munster of Power, at the Science 
Museum, South Kensington, 
London 

Lord Mills, who was at one time 
associated with the Soho Foundry, 
Birmingham, spoke of 

Englishmen such as 

Sir Henry Bessemer 

who have played an important part 


in the history of technology 
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Indirect low-temperature forced circulation oven for general 
heat-treatment application up to 650 C 
Industrial Centre at Poole 


shown at the new 


Industrial development centre at Poole 


A WELL-EQUIPPED industrial development centre has 
just been opened at Poole by the Southern Gas Board 
At their old Bourne Valley Works, the Board have con- 
verted part of an old disused retort house into a small 
but comprehensive industrial showroom and workshop 
A wide range of industrial gas-fired equipment is on 
display in the showroom, all of which can be demon- 
strated under simulated factory conditions and used to 
carry out specific tests on individual customers’ own 
products. A variety of burner equipment and systems 
for automatic ignition and control can also be shown in 
operation. Gas and air at both high and low pressures 
are on tap throughout the centre 


The workshop undertakes experimental work and the 
design and construction of prototype plants where this is 
found to be necessary to meet the problems or require- 
ments of a customer. Most of the work undertaken 
arises from problems sent in to the industrial development 
engineer in charge by the Board’s five regional industrial 
engineers—based on Bournemouth, Oxford, Portsmouth, 
Reading and Southampton—but some is in the form of 
development work on new projects which may eventually 
benefit many Customers 


Already, since work began at the centre, a number of 
projects of considerable help to industrial customers have 
been completed on the premises. They include the 
construction of a furnace for the testing of refractories up 
to a temperature of 1,550 C., the design of a conversion 
for a core-drying stove, and experimental work to find 
the most suitable heat-treatment schedule for the brass 
components of a domestic appliance. Work at present 
on the floor includes an installation for the prevention 
of fume nuisance from the exhaust system of an oil-fired 
drying oven and the re-design for the manufacturer of 
the combustion system of a range of hospital sterilizers 


German tour for foremen 


A two-week study tour of German industry for foremen 
and forewomen from British industry has been organized 
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by the Industrial Welfare Society. The aim is to provide 
a broadening experience by giving the delegates the 
opportunity to find out the duties and responsibilities of 
their opposite numbers in Germany. 


The tour will take place from April 11 to 24 and the 
party, which is limited to 40, will be based on Diisseldorf. 
A wide variety of industries will be studied, most of the 
visits to factories including a tour of the works followed 
by discussion with management and employee representa- 
tives of the single subject upon which each visit will be 
concentrated 


Scottish Industries Exhibition, 1959 


At a press conference in London held last month Sir 
Robert A. Maclean, chairman of the exhibition and of 
the Council of Management, in the course of his address 
said that the first two Scottish Industries Exhibitions of 
1949 and 1954 had attracted over one million visitors, 
among them thousands of trade buyers, and business to 
the value of approximately £20 million had directly 
resulted. Five years had passed since the last great 
exhibition or trade fair was held, and in that time some- 
thing like 500 new factories or major extensions of existing 
factories had come into production. A country the size 
of Scotland could not afford an annual trade fair, nor 
indeed would it want to have one, but a gap of five years 
enabled significant changes to take place in the design, 
styling and price of the goods Scotland manufactured. 

To promote and run a successful trade fair, said Sir 
Robert, things were necessary. First, financial 
backing; secondly, the support of industry; and, thirdly, 
the interest of trade buyers. Most trade fairs of national 
importance were nowadays heavily subsidized, but the 
Scottish Industries Exhibition was not of this number. 
It was being financed entirely by the Scottish people 
themselv lo start things off a guarantee fund of 
£100,000 was asked for; within a month this figure had 
been reached and passed and the fund has been closed 
at something over {£177,000 Guarantees had come 
from industry, from the Scottish banks, chambers of 
cities and other local authorities, professional 
as well as from the trades unions. The experience 
of the guarantee fund illustrated better than anything 
the extent to which the Scottish people as a whole were 
behind their exhibition 

The Kelvin Hall, Glasgow, was one of the largest 
indoor exhibition halls in Europe, but it could not 
provide all the space which exhibitors had requested 
rhe only way to accommodate everyone was to ask 
applicants to accept smaller stands. Notwithstanding 
this, the stands were still large. Everything on show 
had to be made in Scotland and, with such competition 
for space, the Council of Management had been able to 
demand a very high standard of display. 


three 


commierc 


firms 


To publicize the exhibition a publicity committee had 
been set up, the membership of which included, amongst 
others, the editors of the principal Scottish newspapers 
and the executive heads of the B.B.C. and Scottish 
television. A trades promotion committee had been 
specially charged with the responsibility of bringing the 
message of the exhibition to trade buyers at home and 
abroad. The architect of this exhibition, as for the 
successful exhibition in 1954, was Mr. Fred R. Wylie, 
F.R.I.B.A., the senior partner of one of the best-known 
professional firms in Scotland, and the general manager 
was Mr. Matthew H. Donaldson, who had an unrivalled 
experience of British trade exhibitions. 


Scottish industry, both traditional and new, concluded 
Sir Robert, felt that it had a good story to tell, and was 
determined to play its full part in Britain’s continuing 
drive for maximum export trade. 
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PEOPLE 


Mr. R. W. P. Holt 


AN ASSOCIATION with the Widnes Foundry & Engineering 
Co. Ltd., lasting for well over 30 years, has ended with 
the retirement recently of Mr. R. W. P. Holt. He 
joined the board of the compaay in 1925 when it traded 
under the name of Widnes Foundry (1925) Ltd. 


Mr. Holt continued as a director when the company 
was taken over by Thos. W. Ward Ltd., Sheffield, in 
1936 and its name was changed to Widnes Foundry 
& Engineering. Well known among chemical engineers 
and the chemical industry, not only in the U.K. but in 
many European countries, Mr. Holt, who has travelled 
extensively for the firm, has seen it develop into one of 
the best-known manufacturers of intricate and accurate 
special-purpose castings for the chemical, oil, food and 
allied industries. 


The company also fabricates, in mild and stainless 
steel, large tanks and vessels, stills and retorts, fractionat- 
ing columns, tubed vessels, and general constructional 
work, but one of the chief facets of its development has 
been parallel with the development of the chemical 
manufacturing industry in south-west Lancashire and, 
more recently, with the growth of atomic energy. 


Sir Gordon Russell, ¢.B.£., M.C., R.D.1., F.S.1.A., has 
decided to retire from the directorship of the Council of 
Industrial Design on December 31, 1959, when he will be 
67 years of age. The Council has accepted this decision 
with reluctance and with the keenest appreciation of the 
great contribution Sir Gordon has made to its work 
throughout its entire life. He was an original member 
of the Council when it was set up in 1944 and was 
appointed its director in 1947. 


The Council has appointed Mr. Paul Reilly, who joined 
the staff in 1948 and has been deputy director since 1954, 
to succeed Sir Gordon Russell on January 1, 1960. 


Mr. G. K. Hampshire, chairman of I.C.I.’s General 
Chemicals Division, and Dr. J. S. Gourlay, chairman of 
the Paints Division, have been appointed to the board of 
LC.1. 


Mr. George Kenneth Hampshire was born in 1900 
and educated at Leeds Grammar School and Magdalen 
College, Oxford, where he gained first-class honours in 
chemistry. He joined Brunner Mond—one of the original 
constituent companies of I1.C.I1.—in 1923. In 1933 he 
was appointed sales manager of I.C.1I.’s General Chemicals 
Group, becoming a group director in 1937. Two years 
later he was appointed managing director of General 








metal treatment 
and Drop Forging 


Chemicals Division and in 1947 became the Division’s 
chairman. 

Dr. John Scott Gourlay was born in 1905 at Stevens- 
ton, Ayrshire. He went to Stevenston School from 1910 
until 1919, when he obtained a post as a laboratory 
apprentice with Nobles’ Explosives Co, Ltd. at Ardeer. 


Through the part-time science course then run by the 
company in association with the local education authority 
and the Royal Technical College, Glasgow, he gained 
a B.Sc., an external degree from London University and 
was elected an associate of the Royal Institute of Chemis- 
try in 1930. In 1929 he was transferred to the Stow- 
market factory of Nobel Chemical Finishes Ltd. and in 
1935 he was awarded a Ph.D. from London University 
for a thesis on the ‘ Viscosity Relationship of Nitro- 
cellulose Solution.’ 


Dr. Gourlay was appointed an assistant developmen 
manager of Nobe! Chemical Finishes in 1938 and after it 
became the Paints Division of 1.C.I. he became research 
manager in 1945. Two years later he was appointed to 
the Paints Division board as research director. In 1952 
he was transferred to I.C.I. Plastics Division as joint 
managing director, returning ‘to Paints Division as 
chairman in 1957 


Following the recent retirement of Mr. J. Horridge 
on medical grounds, the appointment of Mr. J. F. 
Willsher as general works manager of George Kent Ltd 
has been announced 

Mr. Willsher, who is in his early forties, is married 
and has three children. He joined the company in 1947 
on his release from the Army with the rank of captain; 
in 1951 he was appointed production controller and 
a year later production manager. In 1955 he was 
appointed manager of the Instrument Division, a post 
he held until taking over his present position. 


Mr. Willsher served on the Council of the Luton 
Management Association for six years and is now a 
representative member of the local branch of the British 


Mr. J. F. Willsher 


He takes great interest in 


Institute of Management 
local management affairs, and lectures on management 
subjects locally and further afield. 


Head Wrightson & Co. Ltd. announces the following 
appointments as directors of its subsidiary companies: 

Mr. George Taylor and Mr. John D. Eccles as 
directors of Head Wrightson Steel Foundries Ltd. 
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Mr. Roger B. W. Bolland as a director of Head 
Wrightson Colliery Engineering Ltd. 

Mr. Richard O’Brien, pD.s.0., M.c., as a director of 
Head Wrightson Stockton Forge Ltd. 


Mr. L. G. Northfield has been appointed publicity 
manager of Efco Ltd., whose subsidiary companies 
include the Electric Resistance Furnace Co. Ltd. and 
the Electro-Chemical Engineering Co. Ltd. Mr. North- 
field has had a long association with the electrical industry, 
having started his career with an electricity supply 
company in 1935. During the war he served in the Army 
as an armament artificer, servicing radar equipment, and 
spent three years with an Indian Workshop Company. 
In 1946 he joined the General Electric Co. Ltd. to 
specialize in process heating and for several years has 
been dealing with the many aspects of publicity involved 
in the selling of electric furnaces, high-frequency and 
infra-red plant. 


Mr. H. West, ASSOC.M.C.T., HON.M.SC.(MANCHESTER), 
M.I.MECH.E., M.1.E.E., MEMBER A.M.E.M.E., has been 
appointed assistant managing director of Metropolitan- 
Vickers Electrical Co. Ltd. 


Mr. West joined Metropolitan-Vickers as an apprentice 
in 1918. Much of his early work was on motor develop- 
ment, and in 1940 he became chief engineer, motor and 
welding departments. In 1946 he was appointed assistant 
to the chief electrical engineer of the company; in 1949 
he became chief electrical engineer, and was appointed 
to the board in 1951. 

In 1957 Mr. West ceased to be chief electrical engineer, 
retaining his seat on the board as director of electrical 
engineering. This was to permit him to devote more 
time to the affairs of the A.E.1.-John Thompson Nuclear 
Energy Co., of which he had been appointed managing 
director in 1956. Mr. West was associated with the 
A.E.I. from its inception and, when this was formed into 
a company, he was the first chairman of its management 
committee. 

Mr. West is also a director of Metropolitan-Vickers- 
Beyer, Peacock Ltd.; Sunvic Controls Ltd.; and Isotope 
Developments Ltd.; and chairman of Nuclear Graphite 
Ltd. 


He was chairman of the North-Western Section of the 
Institution of Electrical Engineers in 1953-54, and is at 
present a member of Council. 


The Hon. J. Kenneth Weir, c.8.£., chairman of G. & J 
Weir Holdings Ltd. and G. & J. Weir Ltd. of Glasgow, 
Scotland, has been elected a director of the International 
Nickel Co. of Canada Ltd. and a member of its advisory 
committee. 

Mr. Weir is a director of Peacock Bros. Ltd., of Mon- 
treal, the National Bank of Scotland and the Dunlop 
Rubber Co. Ltd., of London, and is also chairman of 
William Simons & Co. Ltd. and Weir Foundries Ltd., of 
Glasgow. 

He fills the vacancy on the International Nickel board 
left by the retirement of his father, the Rt. Hon. Viscount 
Weir, P.c., G.c.B., who served as a director since 1928. 


Mr. P. G. Smyrk has joined the board of Johnson 
Matthey & Co. Ltd. and has been appointed a joint 
managing director of the company. 

Mr. Smyrk has hitherto been the manager of the 
Export Division of the company, and a director of several 
of its overseas subsidiaries. 


Mr. R. E. Wilson, managing director of Fescol Ltd., 
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retired at the beginning of the year. Mr. Wilson joined 
the company in 1928 and during his long service has 
guided it through a period of considerable expansion. 


Mr. Wilson is a full member of the Institution of 
Mechanical Engineers and the Institution of Production 
Engineers. Appointed manager in 1932 and a director of 
the firm, which specializes in electro-chemical deposition, 
in 1934, he became managing director in 1941. 

Succeeding him as managing director is Mr. F. B. 
Strachan, who joined the firm in 1925 on the financial 
side and was appointed secretary in 1928. He has been 
assistant managing director since 1951. 


Dr. Marcel Ballay, president and managing director 
of the Centre d’Information du Nickel, Paris, died on 
February 2, 1959, after a short illness. The loss will be 
much regretted in metallurgical and industrial circles in 
France and the U.K 

Born in 1896, Marcel Ballay entered early upon a career 
in metallurgy in the laboratory of the de Dion plant 
of which he was subsequently appointed head in 1925. 
In 1928 he joined the Centre d’Informa:tion du Nickel as 
technical manager. He became vice-president in 1950 
and president in 1954, succeeding M. Jean Dhavernas. 
In 1928, Ballay received his diploma as Doctor of Physical 
Sciences. In 1935 he was promoted to the rank of 

Chevalier de la Légion d’Honneur’ in recognition of 
his qualities as a technical professor and, in 1955, the 
rosette of ‘ Officier de la Légion d’Honneur’ was con- 
ferred upon him in recognition of his services to industry 
and to the teaching profession. He was a member of 
many learned societies in France and Great Britain. 


Although the greater part of his activity was devoted 
to the C.I.N. he was interested in many aspects of metal- 
lurgy and there are few fields in this branch of science to 
which he has not contributed both in research and in 
teaching. 


Mr. R. E. Gardiner has been appointed London 
manager of Alldays & Onions Ltd. in succession to 
Mr. R. J. Nash 


Mr. N. D. MacDonald, superintendent of Appleby- 
Frodingham’s ore preparation plants, is to succeed Mr. 
Elliot as works manager (iron). 


The Gauge and Tool Makers’ Association 
The officers for the year 1959 are as follows: 

President: Sir Stanley J. Harley, B.SC., M.1.MECH.E., 
M.1.PROD.E. (Chairman and managing director of Coventry 
Gauge & Tool Co. Ltd.) 

Immediate past president: Mr. F. W. Halliwell, c.B.£., 
M.1.MECH.E., M.I.PROD.E. (Chairman and joint managing 
director of Gay’s (Hampton) Ltd.). 

Vice-presidents: Mr. A. L. Dennison, M.1.PROD.E. 
chairman of Birmingham Tool & Gauge Co. Ltd.); Mr. 
H. S. Holden, M.1.PROD.E. (managing director of the 
Brooke Tool Manufacturing Co. Ltd.); Mr. T. Ratcliffe, 
M.1I.PROD.E. (chairman and managing director of Ratcliffe 
Tool Co. Ltd.); and Mr. L. E. Van Moppes (chairman 
of L. M. Van Moppes & Sons (Diamond Tools) Ltd.). 

Chairman: Mr. G. P. Barrott, M.1.PROD.E. (managing 
director of Precision Grinding Ltd.). 

Vice - chairmen: Mr. R. Kirchner, M.1.MBCH.E., 
M.1.PROD.E. (deputy chairman and joint managing director 
of Arnott & Harrison Ltd.); and Mr. H. G. Carmichael 
Wilson (chairman of John Harris Tools Ltd.). 

Honorary treasurer: Mr. J. C. Brown (director of Pitter 
Gauge & Tool Co. Ltd.). 








march, 1959 


NEW PLANT 


Eye protection 


It is good practice to issue visitors to hazardous areas 
with some form of eye protective equipment. Not only 
is the visitor safeguarded but the workers in the area, 
who have been instructed to use goggles or safety spec- 
tacles, are made to realize that there is a hazard against 
which precautions must be taken all the time. The 
Fleming lightweight Celtone Spectacle No. 3035 is 
particularly suitable for visitors’ use. It is light in weight, 
can be worn over correction spectacles, and gives a wide 
field of vision. Both frame and lenses are crystal clear. 

The Fleming transparent goggle No. 0080 is par- 
ticularly suitable for use in places where chemicals are 
much employed, as it is made from non-corrodible 
chemically-resistant materials. The lens itself is of 
* Cobex,’ a rigid polyvinyl chloride which is resistant to 
the attack of most chemicals, and the surround is made 
from flexible polyvinyl chloride. The system of ventila- 
tion provides improved protection against liquids and 
other harmful particles entering the eyeshield 

This goggle can be worn over correction spectacles 
and two independent flaps at the bridge completely close 
the gap at the sides of the nose. 

The Fleming lens cleaning and de-misting cabinet 
No. 0063 has been designed to facilitate cleaning pro- 
tective glasses under works conditions. The liquid, 


which is dispensed in a fine spray when the lever on either 
side of the cabinet is depressed, cleanses as it de-mists 
Tissues are provided in the cabinet, together with space 
for their disposal after use 

The above protective equipment is marketed by Fleming 
Safety Equipment, 146 Clerkenwell Road, London, E.C.1 





1 ABOVE Fleming lightweight spectacle 


2 BELOW Fleming transparent goggle 
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Taper-jointed electrodes 


British Acheson Electrodes Litd., makers of ‘Acheson’ 
graphite electrodes for electric-arc furnaces, are pleased 
to announce the extension of their range of large-diameter 
taper-jointed electrodes 

‘Acheson’ 16-in. and 14-in.-dia. graphite electrodes 
with taper jointing have now been introduced to join 
the well-established 20-in. taper-jointed electrodes. The 
new 16-in.-dia. electrode has a nipple with a major 
diameter 8} in. and length 12 in. This means a thicker 
socket wall all round in addition to the extra protection 
and life given to the socket by the l-in-6 taper. The 
new 14-in.-dia. electrode is machined to take a nipple 8 in. 
at the major diameter and 10 in. long. This again means 
a thicker socket wall. For maximum security and tight- 
ness of joints threading of nipple and socket are four 
threads per inch machined to fine tolerances to ensure 
perfect matching of tapers. Shortly to follow the new 
14-in. and 16-in.-dia. electrodes will come 12-in.-dia 
‘Acheson’ graphite electrodes with nipples and sockets 
for taper joints. 


New soluble oil mixer 

A mechanical device which gives an efficient mix of 
water with soluble cutting oils, in the precise proportions 
required and under conditions of absolute cleanliness, 
has been produced by Wakefield-Dick Industrial Oils 
Ltd., 67 Grosvenor Street, London, W.1. It is known as 
the 52MT mixing unit and consists, basically, of a 250- 
gal. mixing tank surmounted by a 23-gal. header tank, 
both tanks being fitted with graduated scales to ensure 
accurate measurements. 

In operation, a measured quantity of soluble oil (or 
other desired fluid) is sprayed over the surface of the 
water in the mixing tank by air jets. Air also issues from 
pipes located near the bottom of the mixing tank and the 
resultant agitation of the fluids ensures complete mixing. 

The inlet and outlet pipes on the mixing tank are fitted 
with control valves and the air supply pipes have control 
valves and pressure gauges. The header tank can be 
filled either from portable containers or via pipeline from 
remote bulk storage. 
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4 ‘Speedivac’ 18C3000 single-stage rotary vacuum pump 
backed by a smaller ‘Speedivac’ to form a two-stage 
combination, displacing 100 cu.ft. min. capable of attaining 
a vacuum of better than 0-001 mm. Hg 


Large-capacity high-vacuum pumps 

At the exhibition of the Physical Society this year, 
Edwards High Vacuum Ltd. showed production versions 
of the new large-capacity rotary pumps. These machines 
have been designed with a view to satisfying the industrial 
user, but careful attention to design has also enabled us 
to retain the laboratory styling and characteristic features 
of the smaller ‘ Speedivac ’ models 


The three pumps available so far are the 1SC900, 
1SC1500 and 1S8C3000 displacing 30, 50 and 100 cu.ft 
min. The 1SC900 is the largest of the * Speedivac ’ 
pumps employing the rotary vane principle and the 
1SC1500 and 1SC3000 are rotary piston pumps. All 
are single-stage models with an ultimate vacuum of 
0-01 mm. Hg operating without gas ballast. However, 
where a two-stage performance is required they can be 
backed by one of the smaller * Speedivac’’ pumps which 
is mounted on the same baseplate to provide a two-stage 
combination capable of a vacuum of better than 0-001 
mm. Hg. By using an interstage water-cooled condenser, 
these pump combinations can handle considerable 
quantities of water vapour 


Aerosol pack for molybdenized lubricants 


Rocol Ltd. has introduced a new anti-scuffing spray in 
an aerosol pack 


Ihe spray contains a basis of molybdenum disulphide 
of particle size best for surface treatments, and bonding 
resin to effect retention of a film, plus a propellant. 
The vapour is non-toxic, non-corrosive and not harmful 
or offensive to human beings. The spray is used for the 
production of a hard-bonded lubricating film of molyb- 
denum disulphide on metal or plastic surfaces and is 
useful for treating moulds, dies, and press working tools 
without dismantling. 


New magnet alloy 


Johnson Matthey & Co. Ltd. are now producing Platinax 
II, a cobalt-platinum magnetic alloy. The outstanding 
magnetic properties of certain alloys in the cobalt- 
platinum system have been known to metallurgists for 
mony years, but it is only in recent times that the pro- 
perties of the alloy containing an equal number of atoms 
of each element (23-3°, by weight of cobalt) have been 
fully aporeciated. Platinax II is the latest development 
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in this field and is one o. the most powerful permanent- 
magnet materials. 

After heat treatment, Platinax II has remarkable 
physical and magnetic properties, a remanence of about 
6,400 gauss, a coercive force of 4,800 oersteds and a BH 
max.) of 9-2 10° gauss-oersteds being obtainable. 
Moreover, in the heat-treated state the alloy is magnetic- 
ally isotropic, exhibiting similar magnetic properties in 
all planes 

Apart from the benefit of its exceptional magnetic 
properties, the use of Platinax II offers a further advantage 
in that the alloy is comparatively workable before heat 
treatment and can be machined, rolled and drawn without 
difficulty, and so lends itself to the manufacture of magnets 
of complicated shape or extremely small size. 


New range of elevator trucks 
With the introduction of new 1,200-lb. and 1,600-Ib. 
capacity models, a complete range of * Vertolifter ’ 
hydraulic elevator trucks of basic standardized design is 
now available, namely 500, 800, 1,200 and 1,600-lIb. 
models he latest models are available in two heights of 
lift, namely to 60 in. or to 75 in. They can be fitted 
with either fixed or laterally adjustable forks, and detach- 
able platforms are available. 

The hand pump models have a two-speed hydraulic 
pump suitable fur use at maximum load; alternatively, 
a light load can be lifted more quickly. The battery 






electric model is supplied with a 12-volt heavy-duty 

traction-type battery and the mains electric models can 

have either three-phase or single-phase motors of standard 
voita ral gc 

Heavy-gauge steel channel construction is used and all 

i are issued with a test certificate when dispatched. 

All moving parts have ball or roller bearings. These 

nachines are suitable for lifting goods, jigs, dies, press 

lages, also for stacking, loading and unloading 

ind general stores use. The manufacturers of 


these trucks are Powell & Co., Burry Port, Carms., 
South Wal 


5 One of 


the neu 
© Vertolifter’ 
elevator trucks 
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Protect-O-Vane safety cut-off instruments, specially 
veloped for high temperature safeguard, either 
gnal or shut down process at the set point 
Simple, safe design includes universal case to contain 
measuring and controlling units in separate compartments 
Plug-in design simplifies inspection and adjustment 
peeds change of units. Fail-safe action protects 
automatically against component or power failure 
Nation-wide Service covers choice, installation and 
maintenance of all Honeywell Millivoltmeter Controllers 
Expert advice can be obtained from any of 


10 Honeywell Branch Offices in the U.K 
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INSTITUTE OF METALS 


Spring meeting 


London, April 14-16, 1959 
APRIL 14 


At Church House, 
vocation Hall). 


Great Smith Street, S.W.1 (Con- 


10.00 a.m. Annual general meeting. 
Installation of the new president, Mr 
G. L. Bailey, C.B.E., M.SC., F.I.M., presi- 
dential address, and presentation of 
Institute medals. 
» -r > 
2.30 p.m. Theme: Fatigue. A discussion based on 


the following papers 
Institute journal 

W. A. Wood and R. L. Segall, ‘ Softening of 
cold-worked metal by alternating strain.’ 


published in the 


W. A. Wood, ‘ Cracking of mercury-coated 
alpha-brass under alternating strain.’ 


D. Hull, ‘ Surface structure of slip bands on 
copper fatigued at 293°, 90, 20 and 
4-27 K.’ 

D. M. Fegredo and G. B. Greenough, * The 
fatigue properties of zinc.’ 

D. S. Kemsley, ‘ The behaviour of cold- 
worked copper in fatigue.’ 

A. J. Kennedy, ‘ The dependence of micro- 
creep properties on the development of 
fatigue in lead.’ 

At Royal Institution, Albemarle Street, W.1. 
7.00 p.m. May lecture by Prof. Fred Hoyle 


8.30 for 8.45 p.m. Council dinner in honour of the May 
lecturer 


Aprit 15 
Programme ‘A’ 

At Church House, Great Smith Street, S.W.1 
Memorial Hall). 
10.00 a.m. 


Hoare 


Discussion, arranged by the Metallurgical 
Engineering Committee, on the following 
papers to be published in the March issue 
of the Institute journal 

J. B. Russell and F. R. Nichols, ‘ Equipment 
and practice for continuous casting and 
rolling by the Properzi process.’ 

R. D. Hamer, ‘ The Hazelett and rotary strip 
casting machines for the continuous 
casting of aluminium.’ 


Programme ‘B’ 
At Church House, Great Smith Street, S.W.1 

vocation Hall). 
10.00 a.m. Lecture, arranged by the Nuclear Energy 
Committee, on ‘ Metallurgical develop- 


Con- 


ments outlined at the Geneva conference 
on peaceful uses of atomic energy,’ by 
Dr. H. M. Finniston, followed by dis- 
cussion. 
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Programme ‘A’ 
At Church House, Great Smith Street, S.W.1 (Hoare 
Memoria! Hall). 


2.30 p.m. (a) Continuation of discussion from morning 


session. 

6) Joint discussion on the following papers 
published, or to be published, in the 
Institute journal: 

Maurice Cook and E. Swainson, ‘Arc melting 
of reactive and refractory metals.’ 


J. Stephenson, *‘ The vacuum casting of 
uranium.’ 
W. F. Randall and H. H. Scholefield, 


‘Experiences in vacuum melting 
special alloys.’ 

A. S. D. Barrett and M. E. Harper, * Selec- 
tion of pumping systems for vacuum 
metallurgical processes.’ 


some 


Programme ‘B’ 


At Church House, Great Smith Street, S.W.1 
vocation Hall 


Con- 

2.30 p.m. Discussion, arranged by the Nuclear Energy 
Committee, on the following papers in 
the Institute journal: 

S. J. Gregg and W. B. Jepson, ‘ The high- 
temperature oxidation of magnesium in 
dry and in moist oxygen.’ 

H. J. Goldschmidt, ‘A high-temperature 
X-ray investigation of niobium pentoxide 
and some problems concerning the oxida- 
tion of niobium.’ 

At Grosvenor House, Park Lane, W.1. 
7.0 for 7.30 p.m. Dinner and dance. Dress: Evening 
dress or uniform, with decorations. 
Tickets, price 42s., including coffee. 


APRIL 16 


At Church House, Great Smith Street, S.W.1 
Memorial Hall 


Hoare 


9.30 a.m. Symposium on Practical Aspects of Metal 
Physics, arranged by the Metal Physics 
Committee. The following contributions 
will be made, to be followed by questions: 
a) General introduction, by Prof. A. H. 
Cottrell and Dr. J. Nutting. 
6) * Nucleation aspects of solidification,’ by 
Mr. A. Cibula. 
c) * Mechanical forming,’ by Dr. T. LI. 
Richards. 
2.00 p.m. Sympostum on Practical Aspects of Metal 


Physics (continued). The following con- 
tributions will be made, to be followed by 
questions : 

d) * High-strength alloys,’ by Dr. T. Broom. 

e) * Electromagnetic properties of metals,’ 
by Dr. D. W. Wakeman. 

f) * Radiation damage,’ by Dr. 
Churchman. 

At 17 Belgrave Square, S.W.1. 

7.30 to 11 p.m. Conversazione and Exhibition (day 
dress). Tickets, price 10s. Ladies will 
be welcome. Number of tickets issued 
will be limited. 


~~ =. 
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Electrical Aids in Indu try 


Resistance Heating -1 


In this form of heating, the heat is 
produced by passing an electric current 
through a high resistance conductor 
which is termed the “heating elemenv’’. 

The heat is transferred from the 
heating element to the work by convec- 
tion, radiation or conduction or by a 
combination of any, or all, of these. 
When it is a question of radiation or 
convection, the element can be a bare 
wire or strip of suitable material, pro- 
vided it is adequately supported on 
electrical insulation capable of with- 
standing the temperature. 


VAI ee 
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When there is to be contact between the 
work and the element, heat being trans- 
ferred to the work by conduction, the 
wire or strip must be surrounded by 
suitable insulating material and en- 
closed in a protective sheath. 
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In the majority of cases, the wire or 
strip forming the heating element is 
made of a nickel-chromium alloy which 
has a high electrical resistance and can 
be safely used in air at temperatures of 
up to 1050 C., or in a suitable atmos- 
phere, of up to 1150°C. Other element 
materials are available for use at higher 
temperatures. 

Electric resistance heating may pro- 
fitably be put to many diverse uses; two 
of these are described briefly below, 
others will be listed in a subsequent 
data sheet. 


Furnace Heating 


Electric resistance furnaces can be 
divided into two main categories, batch 


A> 
a. 


type and continuous. In 
most cases, the heating 
elements are of nickel- 
chromium alloy, for fur- 
nace temperatures up to 
around 1050°C., but 
higher temperatures, up to nearly 
3000°C., can be obtained by using other 
metals or alloys, or in some cases non- 
metallic elements. A protective atmos- 
phere is desirable to prolong the life of 
some of these higher-temperature ele- 
ments. For all temperaures, electric 
resistance furnaces can be constructed 
so that the heating process takes place ina 
controlled atmosphere if this is dictated 
by the composition or heat requirements 
of the work charge. In some furnaces, 
fans are used to circulate the air or 
special atmosphere over the charge, 
thereby giving increased heating rates 


4 
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Data Sheet No. 4 
and a uniform temperature over the 
whole charge. 

Automatic temperature control and 
program control of the heating process 
are readily effected. 





i ‘ 

Electric furnaces are extensively used 
in industry, for example in the general 
heat treatment of metals, in the glass and 
ceramics industries, for brazing and 
sintering, and for many other applica- 
ulons requiring temperatures above 
500°C 


Oven Heating 

There are two basic forms of heat trans- 
fer used in electric resistance ovens; 
convection and radiation. The latter is 
dealt with in a separate data sheet under 
the heading “‘Infra-Red Heating”’. 
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Convection ovens may again be of the 
batch or continuous type. In cither case, 
the charge is heated mainly by the move- 
ment of hot air, which is sometimes 
assisted, as in furnaces, by fans to give a 
rapid and uniform temperature rise 
Ovens are normally designed for tem- 
peratures of up to about s00°C., and the 
heating elements are invariably of 
nickel-chromium or nickel-chromium- 
iron alloy. 

Ventilation, when required, can be 
provided and regulated entirely to suit 
the heating process. 
Temperatures and - 
times are readily con- 
trolled. A vacuum can 
be maintained in suit- 
ably designed ovens 
to assist in the extraction of moisture 
and solvent. 

Convection ovens are extensively used 
for drying, baking and stoving opera- 
tions, and for a host of other processes 
requiring a low or medium temperature. 





For further information, get in touch | 
with your Electricity Board or write | 
direct to the Electrical Development 
Association, 2 Savoy Hill, W.C.2 ! 
Excellent reference books on ! 
electricity and productivity (8/6 each, ‘ 
or g9/- post free) are available— | 
“Induction and Dielectric Heating”’’ | 
is an example; “Resistance Heating”’ | 
is another i 
E.D.A. also have available on free | 
loan a series of films on the industrial 
use of electricity. Ask for a catalogue | 


at ae ee 
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BOOKS 


Cores and core-making 


By Francis D. Roper. Geo. Allen & Unwin Ltd 
21s. net. 

It IS VERY DIFFICULT to find out to whom this book is 
addressed. It consists of an elementary description of 
cores and core-making running to 125 pages. According 
to the introduction the reader to whom it is directed is 
the moulder and core-maker, but it seems unlikely that 
any moulder or core-maker would not be well aware of 
all that is in the book, and he would certainly be unlikely 
to pay a guinea for it he apprentice foundryman <« 
engineer would find it useful, but again is unlikely to be 
willing to pay a guinea 


Yr 


It is rather oddly written; for example, at the beginning 
it carefully defines a core box but uses the term ‘ strickle 
without any definition. It gives recipes which include 

uch things as ‘ 1 part (by volume) red sand’ or * 100 Ib 

silica sand’ with no further details of particle size or 
type of red sand. A long description (pp. 64-66) on how 
to turn out a small core from a core box and also th 
unexplained and unintelligible fig. 19 which shows the 
ame process seem unnecessary 

On the whole, the book cannot be recommended 
certain students might find it useful, but there are better 
books covering the whole process of moulding and core- 
making for a smaller price 


J. H. RENDALI 


Vacuum metallurgy 

By R. Bunshah Reinhold Publishing Corporatior 
Chapman & Hall, London. £35 net 

TuHIs BOOK has resulted from a one-week course, held 
during June, 1957, in vacuum metallurgy, which wa 
sponsored by the Department of Metallurgical Engineer 
ing of the New York University College of Engineering 





I 
Twenty-seven lectures, and an additional one presented 
at the second course in June, 1958, were given by a group 
of specialists, American, European and Sovict, and ar 


now reprinted in a single volume 


The subject matter has been split up into ten part 
Part I deals with vacuum equipment; Part I] contain 
a survey of the thermodynamics and kinetics of vacuum 
metallurgy; then follow three parts which are con 
cerned with melting techniques—arc-melting processe 
in Part III, induction-melting processes in Part IV, a: 
melting by electron bombardment in Part V; degassing 
in both the liquid and solid states is discussed in Part VI; 
Part VII contains a chapter on vacuum distillation of 
metals; in Part VIII an assessment is made of the metal 
lurgical applications of vacuum processing; Part IX 
deals with analytical techniques; and, finally, in Part X 
future trends are discussed 





The book is attractively produced and a particularly 
pleasing feature is the large number of photographs, 
diagrams and tables to be found in every chapter, but if 
some of the graphs had been reproduced on a more 
generous scale, this would have greatly added to their 
usefulness; fig. 4 on p. 86 is an example of this undesir- 
able feature. Nor is the text entirely free from mis 
prints; for example on p. 44, although Sievert’s law is 
correctly stated in words, the equation for the law which 
follows is incorrect. It is also felt that the appearance in 


print in several places of the word * consutrode,’ with 
reference to consumable electrodes, is to be deplored 
since it illustrates the undesirable tendency on the part 


‘ 


of technologists to create new words unnecessarily, and 
to attempt to justify them on the grounds of time or 
pace saved 


hese, however, are small criticisms of a book which 
is essentially sound and well written, and successfully 
blends the theoretical and practical aspects of each of 
the topics with which it deals. For those who are con- 
erned with the metallurgical aspects of atomic energy, 
electronic missiles, etc., or with the production of 
pecial high-quality metals and who, therefore, must 
ave a direct interest in new production techniques, 
hould prove a valuable addition to the literature 
relatively new and expanding ficld of 
metallurgy In its pages also should be found much 
that is of value to the student who wishes to be acquainted 
, velopments in addition to the well 

id practice of his subject 








Referenc are appended to many of the chapters in 
the text and, to further supplement these, a very extensive 





y vering some 20-odd pages, on vacuum 
proc and applications, has been com- 
j ake a fitt ynclusion to this interesting work 





J. C. W. Davies 


Some properties of Wiggin electrical resistance 
materials 


A new publication has been issued describing the pro- 





pert ind of the various grades of nickel-chromium 
and k romium-iron alloys manufactured by Henry 
Wiggin & ( Ltd. Known as the * Brightray’ series of 
alloys, 1 materials include electrical resistance alloy 
for p to a maximum operating temperature of 
1,250 C., ring the requirements of practically all 





idustrial heating applications. 





ng concise data on these alloys, the 

ections on materials for leads and 
elements, thermocouples, etc., and 
to the selection of the correct grade 
of material to meet specific conditions 





Copies of the publication are obtainable free on request 
to t Publications Department, Henry Wiggin & Co 
Ltd., 20 Albert Embankment, London, S.E.11 


1g publications have recently been issued by 
Electric Co. Ltd., Stafford 


—a six-colour, 28-page publication describing 
the frame * g’ air-blast circuit-breakers covering a voltage 
range of 110 kV. to 165 kV., maximum breaking capacity 
being 5,000 MVA A standard interrupter is used 
throughout the range 





ST 117—a 40-page publication describing non-reheat 
steam turbines of 10 MW. ratings and above. Many 
sectional arrangement drawings are reproduced of com- 
plete turbines and components. Details of manufacture 
are illustrated together with installations varying from 
10 MW. to 100 MW. units 


ST/121—a 12-page publication describing geared 
steam turbo-generating sets of the condenser type, with 
outputs from 750 kW. to 5,000 kW. These are intended 
for industrial power stations and marine applications 

WA 141—a four-page leaflet dealing with the ‘ Her- 
mees ’ electrode for faster welding of heavy sections and 
restrained joints in mild steel, medium high tensile and 
carbon and alloy steel 
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COMPANY NEWS 


Griffin & George (Research and Development 
Ltd. has been formed by the Griffin & George Group to 
conduct research into, and the development of, new and 
improved scientific instruments and apparatus for 
laboratory use and process control. 

The research director is Dr. A. J. P. Martin, F.R.s., 
well known for his work on partition chromatography, 
acknowledged by the award in 1952 of the Nobel Prize 
for chemistry (jointly with Dr. R. Synge 

New laboratories to house the research and develop 
ment staff will be designed and equipped 

High Duty Alloys Ltd. announces that a new Midland 
area sales office has been opened at Queen’s College 
Chambers, 38a Paradise Street, Birmingham 1 (Midland 
3286), to handle sales of Hiduminium sheet, extrusions, 
tube and castings, for the convenience of customers in 
that area 

A second change is also announced. All home market 
enquiries and quotations in regard to forgings will be 
handled from a new sales department situated at the 
Forging Division of High Duty Alloys Ltd., Windsor 
Road, Redditch (Redditch 711 Mr. G. F. Ingram has 
been appointed sales manager and he will be supported 
by Mr. F. Clark as sales office manager 

Recent increases in the demand for the sintered-metal 
products of the Morgan Crucible Co. Ltd. have led 
to a move to larger premises. The sales office has been 
moved to Wandsworth Works, Point Pleasant, Wands- 
worth, London, S.W.18, and a new factory and laboratory 
established there for the production and development of 
Sinterlink. This combines plant and facilities previously 
situated at Battersea, and Norton, Worcester 

Hadfields Ltd. announces that its home sales repre- 
sentatives are to act on behalf of the Hadfields Group of 
Companies as a whole including Millspaugh Ltd. and 
its subsidiaries. This arrangement does not include the 
Millspaugh pulp and paper-making machinery or the 
plant for paper-making works erected by Millspaugh 
Wimpey. 

The Millspaugh Group in Great Britain comprises 
Millspaugh Ltd., Alsing Road, Sheffield 9; C. A. Harn 
den Ltd., Hyde, Cheshire; Hargreaves & Jennings Ltd., 
Fottington, Lancashire; Westbury Engineering Co 
Ltd., Woolfold, Bury, Lancashire; and H. J. & A 
Coulthurst Ltd., Darwen, Lancashire 

The Birmingham, Glasgow and Manchester offices of 
the English Electric Co. Ltd. have been connected to 
the national Telex service. The office numbers are a 


follows: Birmingham, 33177; Glasgow, 77423; 
Manchester, 66428 
Griffin & George (Sales) Ltd., the laboratory 


furnishers, advises that its offices and warchouse at 
Cheetham Hill Road, Manchester 4, are now connected 
to the Telex system on Telex 66-450 


CAPACITY AVAILABLE 


Heat-treatment by H.F. Induction 
We can undertake to harden your parts in large 
or smal] quantities by the most modern methods 
Send your samples for trial or visit us to see our 

wide range of hardening equipment | 


EFCO Heat-treatment Division 


Wellington Street Extension, Burton-on-Trent 
| Telephone 4861 


a... 
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Classified Advertisements 


FIFTEEN WORDS 7s. 6¢ 
thereafter 2 


um charge) and 4d 
ng postage of rephes 





per word 
Box number 2s. 6d. incl Situauons 


Wanted 2d. per word 





Replies addressed to Box Numbers are to be sent, clearly 
marked, to Metal Treatment and Drop Forging, John Adam 
House, John Adam Street, London, W.C.2 


SITUATIONS VACANT 
WORKS ENGINEER 
Applications are invited for the above position 
rhe successful applicant will be required to take 
charge of all factory maintenance and installation 
work. Experience in heavy engineering, and par 
ucularly in the Drop Forging Industry, would be 
a desirable qualification Canteen facilities and 
Staff Contributory Pension Scheme in operation 


ipplications, in writing, to 


The Secretary, Dudley Drop Forging Co. Ltd., 
Holly Hall, Dudley, Worcs. 


ASSISTANT METALLURGIST required for laboratory of West 
London engineering company for investigation of pro 
duction problems associated with the control of heat 
treatment and other processes. A knowledge of physical 
test methods and metallography is necessary and the 
ability to write concise reports 1s desirable. Opportunities 
for advancement in expanding progressive department 
for person with initiative Preferred age group 23-27 
Applicants should possess, or be studying for, Higher 
National Certificate in metallurgy. Pension scheme, 
good working conditions and recreational facilities 
Write in full to Box AM114 METAL TREATMENT AND DRO! 
FORGING 


PLANT FOR SALE 


WiLp-BARFIELD type CTF 2624 Forced Air Circulating 
Iempering Furnace, complete with Control Gear 
Manchester Furnaces Ltd. Double-deck Oil-fired Harden 
ing and Tempering Furnace.—Whitefield Machinery 
& Plant Ltd., Cobden Street, Salford 6. Tel.: PEN. 4746 


FORGING PRESSES BY BLISS 
1,000 tons and 1,200 tons capacity 
Knuckle joint. Practically unused. Motorized 400/3/50 
Suitable for coining 


J. Round Ltd., Toll End Road, Tipton. Phone 2141/2 


Bellis & Morcom 
circulatory 


HYDROGEN COMPRESSOR by Weight 


2 tons Wild-Barfield forced-air furnace 
Max. temp. 750°C Fitted with variable pattern excess 
temperature cut-out Oil-cooled mains transformer, 
contactor panel, charge progress recorder and time 
switch. As new 

Gas-fired furnace by Lucas, 72 in 42 in 22 in., 
1,100°C., complete less floor. Furnace, gas fired, by 
Lucas, 33 in 24 in 12 in., 1,200°C., in poor 
condition 

Salt bath by Lucas, 6 ft 4 ft. 9in 3 ft. 6in. 


Ditto by Haslam 

Ammonia cracker by 1.C.1. for manufacturing cracker 
gas for heat treatment and welding applications, etc 
Colbro Ltd., Wood Lane, Rothwell, Leeds Phone 
Rothwell 3258 
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HEAT “a 


ay 





TREATMENT Dust & Grit 


Collectors 


A new addition to the range of 





Capacity for case-hardening is now 
available in the most modern heat- 
treatment plant in London 

A. & O. dust and grit collectors 


metallurgical control over all opera 
uons 


x Gas or pack carburising with full 


for pieces up to 30° dia. plus wide ex 


Gleason quenching press equipment 
perience in the control of distortion 


dia. with latest electronically con 


Flame-hardening of gears up to 10 ft 
x trolled equipment 


E. N. V. ENGINEERING COMPANY LTD 
HYTHE ROAD, WILLESDEN, N.W.10 
lelephone LADbroke 3622-3-4-5-6 





arr 


Cul your finishing costs on 
DIE SINKING 

By using the 
BRIGGS - AJAX 

Range of 
AIR GRINDERS 


which have achieved an enviable reputation for 
reliability since their introduction 21 yrs. ago. 


This™ photograph shows an Alldays & Onions UF/I 
. ) YCo ra) 7) ril > 
AJAX JUNIOR, [00,000 r.p.m. for Stones Dust {Cotector, primarily for use with hearths end 
as ” designed to meet the requirements of the Clean Air Act 
A," to 2” dia . 
AJAX MK. Ill, 50,000 r.p.m. for Stones 
I" to }* dia 


BRIGGS MK. Il, 28,000 r.p.m. for Stones A LL D A Y . 
\" to I” dia. (deep reach) | 
| 


BRIGGS MK. V, 10,000 r.p.m. for Stones ce 


son & ONIONS 
Literature en request from Manufacturers 


BRIGGS BROS. (ENGINEERS) LTD. _ 
206 EDWARD ROAD, BIRMINGHAM, 12 GREAT WESTERN WORKS BIRMINGHAM 11 
Telephone: CALthorpe 2995 nen Se aes 


London Office 2 Queen Anne's Gate, Westminster, London, $.W.1 
Phone: WhHitehel! 1923 4 5 
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A battery of three Wild-Bartield A.H.F. 7) kW. equipments 


WILD-BARFIELD 
A.H.F. 
equipment at 


LOCKHEED 


HYDRAULIC BRAKE CO. 


mes) 


WILD-BARFIELD ELECTRIC FURNACES LIMITED 


ELECFURN WORKS, OTTERSPOOL WAY, WATFORD BY-PASS, WATFORD, HERTS Telephone Watford 2609! (6 lines 
weve 


issued by Lockheed Hydraulic Brake Co. at their Leamington 
factory for induction soldering tanks to brake master cylinders, 
Many other industrial concerns have found that Wild-Barfield 
induction heating speeds production, saves space and offers 
savings all along the line. Our engineers will be glad to 
supply further details and explain how Wild-Barfield A.H.I 


equipment can help you. 





Qieeese seeeseeseseseseeses (ETT 


uction heating speeds production 
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JROP AAMMER SOARIS 





SIZES IN STOCK TO SUIT ALL HAMMERS 


cm 
H.BURBIDGE & SON LID 


Kepetition Wood Turners and Machinists 
RNSA AD: CANLEY 


FNTRY 
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The stock is placed between the rolls and is 
then fed through the dies to the workstop 

AUTOMATIC The dic then closes, cutting off the stock 
tw the required length, and delivers it to 

FORGER the heading position, The heading tool 


then completes the forging, which falls 
down the chute on to conveyor, Supplied 
in several sizes and for making balls of 
up to and including 4 in, diameter 





No. 2 machine with guards removed 
















These machines are made in three sizes. 


The allest handles be 2 
H OT bee ‘% The ‘toe pg ar eiirieienedh. 
MILLER 


takes bars up to 4 in. diameter. They 
are an invaluable asset to any forging or 
drop stamping plant 





No. 3 machine ulustrated 


We also make 
cight sizes of 
Standard Upset 
ting Machines to 
take bars from 
lin, to 6 in. 
diameter 


COVENTRY MACHINE TOOL WORKS LIMITED 
GRANTHAM ROAD, HALIFAX, ENGLAND 


Telephone Halifax i245 Telegrams Cowmac Malitas 

OVERSEAS AGENTS ALISTRALIA. Cillbert Lodge A Co, Lid, 6 Harr Street, Ultimo, Sydney, N.S.W. CANADA 
Williams & Wilkkon Lid. $44 Inapectar Street, Montreal TRANG? Scxiete Anonyme Alfred Merhert, | and |} Rue du 
Delta, Parts (90) HOLLAND). Lamener & ¢ Oosterkade 24, Rotterdam, ¢ INDIA Alfred Herbert (India) Lid 
1) Strand Road POR 681, Calcutta, | NEW ZEALAND) Cilbert Lodge & Oo. Lid. Mead Office: 24 Cireat 
South Road. Newmarket. Auckland, N 7. (P.O 8 9194, Newmarket), also at Christchurch and Wellington. PAKISTAN 
Ciuest. Keon & Nettlefolds m Pakntan Lid. PO 819. Bank of ladia Buiidings (1rd Floor), Bunder Road, Karachi 
SOUTH APRICA AND RHODESIA Hubert Davies & Co, Ltd, Mudace Howse, 7 Riestk Siveet, Johannesburg 
SPAIN: Giumurio SA. Ciran Vie 448, Apartado 920 Hitbe KENYA. UGANDA. TANGANYIRA & ZANZIBAR 
ten Cooner trd POR 1796 Nainoti Renve 
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make the 





PYROMAXIM 


8 inch 
scale 


simplifies 
readings 













the Heart of your 
temperature control... 


The Pyromaxim has been designed 
for economy, accuracy and long-term 
reliability 


@ Piug-in amplifier unit 

@ Accuracy to BS 104! 
(i, fad) 

@ Contro! response bet- 
ter than { 

@ Calibrated for any 

standerd thermo- 

couple 








he Sifam Pyromaxim Elec- 
tronic on/off Controller com 
bines sound design and skilled 
workmanship with proved 
principles of construction 
Attractively housed in a ro- 
bust steel case, which can be 
either flush —or wall-moun- 
ted, the Pyromaxim offers a 
completely reliable means of 
close temperature control un- 
der the most arduous working 
conditions. Price: £32 10 0 


A wide range of Sifam Accessories 
available for use with the Pyro- 
maxim includes 

@ Thermocouple 

@ Compensating Cables 

@ Motorised Gas or Oil Vaives 
a 


Solenoid Gas Valves 


@ Contectors 


Write for Folders ECS and TC5 or ask the Sifam 
Techmcal Representative to call 


Bo) PYROMAXIM 





Mere than 30 years’ experience in 
the design and manufacture of elect- 
ricel instruments for industry are 
behind this new SIFAM product 


Visit us on 


STAND P4 
A.S.E.£. Electrical Engineers 
Exhibition, Eorls Court, 
Merch i?th 2ist 


SIFAM ELECTRICAL INSTRUMENT CO. LTD. 
Leigh Court, Higher Lincombe Road, Torquay, Devon 
Telephone: Torquay 4547 
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HEAT 
TREATMENT 


Specialised services offered for the treat- 
ment of raw and semi-finished ferrous 
metals 


@ MANGANESE STEEL CASTINGS 

@ PLAIN and ALLOY STEEL FORGINGS 
@ S.G. IRON CASTINGS 

@ BLACKHEART MALL. CASTINGS 

@ STEEL BARS - BILLETS - SHEETS 


ANNEALERS LIMITED 


PENISTONE ROAD SHEFFIELD 6 





new and up-to-date edition 





THE HEAT-TREATMENT 
OF STEEL 








By EDWIN GREGORY, 

Ph.D., M.Sc. (Lond.), ete., and 

ERIC N.SIMONS New 2nd Edition 

This book not only explains what has to be done 
but why it covers every phase of the subject 
from the principles to the practice, and 

there are chapters on pyrometry, furnaces, 
atmosphere control, quenching media, etc. In 
addition every class of steel is discussed 

and treatments for them described This new 
edition has been brought up to date with recent 
developments Fully illustrated 

From book selle ra, 35 net 





PITMA N Parker Street, Kingsway, London, W.C.2 
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Gritwocucing the NEW... 


Brayshaw 





HYNOR GAS HEATED 
PURO, 2 nienmenig 
! 





Brayshaw 





Re 5) cee es ae 





3 
] The Brayshaw Hynor marks a new development 
‘-» in gas fired furnace design and fulfils requirements 
for a wide range and highly efficient general 
heat treatment furnace 


Designed for simplicity of operation with pre-set 
adjustments for easy contro! the Brayshaw 
Hynor Oven heated by natural draught burners 
is available in a wide range of standard sizes 

for the temperature ranges 650 1,200°C 


For further details ask for a copy of our leaflet 
Al/58. 


FURNACES LIMITED 





BELLE VUE WORKS - MANCHESTER 12 
Telegrams: HARDENING ’ Telephone: EASt 1046 
London Office: 21 Liverpool Street, E.C.2 Telephone: AVEnue 1617-8 
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ABBEY HEAT TREATMENTS LTD. 


Plaza Works, High St., Merton, S.W.19. 


Specialized Heat Treatment in our 
NEW Capacity Furnace with non-oxidizing 
atmosphere. 


SPECIALLY DESIGNED for the heat treatment 


of high temperature alloy materials up to 1,300°C, 


Enquiries will be dealt with personally by 


our Technical Staff: RING CHERRYWOOD 2291/72 


A.1.D D.1.ARM. & |EME APPROVED 











DIE SINKING | | THOMAS ANDREWS 
CAPACITY ANO COMPANY LIMITED 


High-Grade Steel Makers 





Offered by Firm engaged solely on Die Sinking 
and Tool making for the Drop Forging and 


Allied Industries including Horizontal Forging “MONARCH” \ ae Fa aay 
( TOOL HOLDER BITS 





* 
DIES NORMALLY SUNK IN THE HARDENED “HARDENITE * CARBON & ALLOY TOOL 
AND TEMPERED CONDITION ON CUSTOMERS’ ) STEELS forALL PURPOSES 


MATERIAL IF REQUIRED 


“ ” ( CARBON TOOL STEEL for 
Any size blocks up to approx. 12 cwts. each { CHISELS, PUNCHES, &c. 


DIES DESIGNED FOR ANY TYPE OF FORGING PLANT 


Fully Comprehensive Modern Plant enables us to offer ROYOS WORKS ANDO 


quick deliveries combined with any limit of accuracy WARDENITE STEEL WORKS 
ATTERCLIFFE ROAD, SHEFFIELD, 4 


Export Deperument 
SAWBRIDGE & co. THE HARDENITE STEEL COMPANY LIMITED 


27 TEMPLE BAR - WILLENHALL - STAFFS Teiephone Telegrams 


Sheffield 22/3) Shaking, Sheffield, 4 











Telephone: Willenhall 258 
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PORTABLE COVER STRESS RELIEVING FURNACE 


The portable cover furnace is very suitable f. 
for many stress-relieving operations and can 
be considered as analternative to the normal 
bogie design. It has the following features 
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% Charging is by crane directly on to an 
accessible base 

% Burners are easily lighted and adjusted 

*% The hood of lightweight refractory is 
sealed in sand troughs which prevent air 
infiltration 

%& Exhaust gases pass under base and 
through flue to chimney, thereby giving 
a warm hearth and preventing corrosion 
of building steelwork 

% Built-in metallic recuperators give high 
thermal efficiency 

% With heat applied on all sides very uni- 
form temperatures are obtained 

*% Size for size the portable cover furnace is 
generally cheaper than other designs, al- 
though the thermal efficiency is very high 














Hlustration by kind permission of 


TO ) . Towler & Sons Ltd., of Stretford, London 
DLO)\ (ANNO) ae WO) ae OD shows 8 furnace with hesd ¥ O- wide > 18° 0 
‘ > ong « 8 0” high tw crown 
ALMA Ww RKS LEVENSHULME MANCHESTER 
e wetarT Ln me Toleg > Gasity Me beste , — 








HEAT TREATMENT 
and 


MECHANICAL TESTING 
. 


SPECIAL STEEL CO. LTD. 
SPECIAL TESTING WORKS LTD. 


Managing Director: BENNETT BEARDSHAW, F.I.M 


Annealing and Normalising Bars up to 24ft. in length 
Oil Hardening and Tempering Bars and Forgings up to 60 cwt. 
Cold Straightening 


MODERN CONTROLLED GAS FURNACES 


TESTING TENSILE - COLD BEND TESTS - IZOD IMPACT 
BRINELL HARDNESS, ETC. 
TESTS CARRIED OUT AT ELEVATED TEMPERATURES 


Approved: A.D. B45587 39 LA. 1A 422/41 A.R.B. Al/2368 46 


BACON LANE WORKS <“- SHEFFIELD, 9 


Telephone 4106! -2 Telegrams : Special, Sheffield 
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and Drop Forging 


STAINLESS STEEL 
HEAT RESISTING 


ABRASIVE RESISTING 
HEAT & ABRASIVE RESISTING 
CYANIDING POTS 


CASE HARDENING BOXES 
CAST IRON, BRASS, GUN METAL 


HIGH SPEED TOOL, DIE 
& SPECIAL ALLOY STEELS 
also STAINLESS STEEL ROAD 








PHOSPHOR BRONZE, ALUMINIUM erc. 


HIGHLY ALLOYED STEEL 
CASTINGS 


‘JOFO" castings are available in 
a wide range of qualities 


From a few ozs up to 10 cwts each 


M.0.5. approved inspection facilities installed 
outine X-ray control 


A fohuson set Td 


Regd. Office 
BROADFIELD ARD., SHEFFIELD 8 
Telephones: 52431 4 
Office and Works Entrance 
AIZLEWOOD RD., SHEFFIELD 8 
Foundry : Aizlewood Road. Sheffield 
Machine Shops: Broadfield Road, Sheffield 
London Office: Central House 
Upper Woburn Place, W.C.! 
(EUSton 4086) 

Glasgow Office : 93 Hope Street, C.2 
(Central 8342/5) 








LINES, STUDS & SIGNS 


FOUNDERS 








Dunford & Elliott (Sheffield) Led 


Electric Resistance Furnace Co. Ltd 
Electro Heat Treatments Ltd 
Engineering and Marine Exhibition 
English Electric Co. Ltd 

English Stee! Corporation Ltd 


Lafarge Aluminous Cement Co. Ltd 


Manchester Furnaces Ltd 12 
Massey, B. & S., Ltd 2 





INDEX TO ADVERTISERS 


Co. itd 


johnson Foster, H., Ltd 32 Thompson, joseph, (Sheffield) Led 
Efco-Edwards Vacuum Metallurgy ; , 
Ltd ” ‘ ~ aay Fuk tuct @ Wore Worica - Vacuum Industrial Applications Ltd 
i 
Electric Furnace Co. Ltd 18 rey ° Vaughan, Edgar, & Co. Ltd 


Wickman Led 
Wiggin & Co. Led 


Wild-Barfieid Electric Furnaces Ltd. 3& 2 


Wilkins & Mitchell Lcd 


Abbey Heat Treatments Led 30 E.N.V. Engineering Co. Ltd 24 Mellowes & Co. Ltd 
Acheson Colloids Lcd Etchells, D., & Son Led Metalectric Furnaces Ltd 
Alidays & Onions Led 24 Ether Led 9 Modern Furnaces & Stoves Ltd 4 
Andrews, Thos., & Co. Ltd 30 Eumuco (England) Ltd 8 Morgan Refractories Ltd 7 
28 Morris, B. O., Led 
SEES tae Fel Electric Ltd 
Birlec Led is Firth-Derihon Stampings Ltd Nash & Thompson Ltd 
Birlec-Efco (Melting) Ltd is Flame Hardeners Lcd Newall, A. P.. & Co. Led 
Borax Consolidated Ltd Fuel Furnaces Led Nitrailoy Led 
Brayshaw Furnaces & Tools Ltd 29 Gandy Ltd Nu-Way Heating Plants Led 
Briggs Bros. (Engineers) Ltd 24 t 
Bristol's Instrument Co. Lid + tines a Co. Ltd 14 Peart, E.. & Co. (Electronics) Ltd 10 
British Electrical Development Asso- Genere! ctiumeniien Ltd Ay Sir |. & 2 Led 28 
t 
8 rere Ltd 15 Gibbons Brothers Ltd riest Furnaces Le 
ritish Furnaces Le Dudley) Ltd 7 
Broadbent, Thos., & Sons Ltd a ee A Co Roberts Bros 
Burbidge, H., & Son Ltd 2% 
Burdon Furnaces Ltd 10 G.W.6. Furnaces Led Sawbridge & Co 30 
Hadfields Led Senior, Geo.. & Sons Ltd 
Calorizing Corporation of Great Head Wrightson Machine Co. Ltd 13 Shell-Mex & B.P. Ltd 
Britain Led. (The) Hedin Led Siemens-Schuckert (G.B.) Led 6 
Cambridge instrument Co. Ltd Herbert, A., Led Sifam Electrical instrument Co. ited. 28 
Coventry Machine Too! Works Ltd. 27 Honeywell Controls Ltd 21 Smethwick Drop Forgings itd 
Cronite Foundry Co. Ltd. (The) 33 Somers, Walter, Ltd 34 
LCA. Led ! Spear & jackson Co. Led 
Delapena & Son Led Incandescent Heat Co. Led. (The) 16 Special Stee! Co. Led 31 
Dohm itd integra, Leeds & Northrup Led Stein, john G., & Co. Led 
Doncaster, Daniel, & Sons Ltd international Furnace Equipment Co 
Dowson & Mason Ltd 3! Ltd Thermic Equipment & Engineering 


5 
5 











Published by the Proprietors, INDUSTRIAL NEWSPAPERS, LIMITED, John Adam House, 17/19 John Adam Street, Adelphi, London, 
w.c3 


C.2, and Printed in Great Britain by F. J. Parsons, Ltp., London and Hastings 


er me 


he eR 


march, 1959 metal treatment 
and Drop Forging 


0) ae 
HIGH TEMPERATURE 
SERVICE 


THE NICKEL- 
CHROMIUM 
ALLOY 


For Temperatures at which 
other metals collapse 


THE CRONITE FOUNDRY CO. his 


LAWRENCE ROAD, TOTTENHAM, LONDON, NUS  srancon 








——— 
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We specialise in die blocks; our 
modern die plant is designed ex- 


clusively for the production of die 
blocks of unvarying excellence. 





WALTER SOMERS LTD. HAYWOOD FORGE, HALES OWEN Ne BIRMINGHAM 


TELEPHONE : oe a oe i a, ee ee 


~ 











fey 


